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PREFACE 

The present tendency toward specialism, if it continues, may 
result in a group of men who will devote themselves exclusively 
to the treatment of the surgical diseases of the ear. This ten- 
dency and the recent advances in otological surgery have created 
a need for a book which shall embody all the additions to our 
knowledge of the surgery of the ear. 

With this aim in view the writer has attempted to correlate 
the extensive literature with personal experience and observa- 
tions, and produce a volume adapted to the needs of the medical 
student, the practitioner and the specialist. 

Acknowledgment is hereby made of the free use of the standard 
American and foreign textbooks, monographs and periodicals. 
The authorities consulted have been collected at the end of each 
chapter. These references are not given as the complete bibli- 
ography of the subject discussed, but are intended to indicate to 
those interested where additional matter may be found. 

The procedures advocated have been fully tested. Each is pre- 
ceded by a historical r^um^ and a sketch of the morbid process 
calling for operative intervention. Special stress has been laid, 
on the indications for operation, the points of technique, and the 
after-treatment of the wound, including the general treatment of 
the patient, so as to make the book a practical guide in operating. 

The illustrations are devised solely as explanatory pictures of 
the text. 

The writer is indebted to Mr. K, K, Bosae for his care in making 
the drawings from the specimens and the fidelity with which he 
interpreted the author's idea in the schematic drawings. Thanks 
are due Dr, R, Johnson Held for many valuable suggestions; to 
Dr. William W. Lesem for reading manuscript, and to Dr. L. D, 
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Weiss for reading proof. It remains to express appreciation to 
Dr. Wendell C. Phillips for encouragement and support, and 
finally to Mr. Francis J. Rdnnan of the Rebman Company for 
valuable aid and timely suggestions which materially facilitated 
the publication of this book. 

& J. K 
New York aty, U.S. A. 
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THE SURGERY OF THE EAR 

CHAPTER I 

OPERATIONS ON THE EXTERNAL AUDITORY CANAL 

Surgical Anatomy — The Osseous Canal, Age Variations — Patho- 
logical Lesions of the Canal — Malformation, Congenital 
Atresia, Acquired Atresia — Intrameatal Operation for Atresia 
— Advantages and Disadvantages of the Intrameatal Route — 
Exostoses, Intrameatal Remxrval of Exostoses — Necrotic Areas 
in Canal — Inflammations of the External Auditory Carnal, 
Furunculosis, Phlegmon, Abscess, New Growths, Foreign 
Bodies in Carud, Operative Removal of Foreign Bodies — The 
Auricular Operation — Indications — Operation — After Treat- 
ment — Value of the Operation. 

Surgical Anatomy : The external auditory canal is the con- 
necting link in the auricular apparatus between the external 
and the middle ear. It extends from the cavitas concha, or 
incisura intertragica of the concha to the outer (external) sur- 
face of the membrana tympani. Its length averages from 35 
to 38 mm., and throughout its entire extent it is lined by cutis 
closely adherent to the underlying tissue. 

Anatomically, it is divided into two parts, an external or 
cartilaginous portion, and an inner, deeper osseous portion. 
The juncture of these two portions is rather irregular, and dense 
fibrous tissue connects the two sections. The fibrous tissue is 
especially marked where the cartilaginous tissue is absent, 
namely, at the upper, and partially, on the posterior meatal 
walls. 

The external auditory canal runs forward and inward in a 
generally oblique direction, gently bent upon itself, and presents 
a curve which is higher near the middle of its length than at 
either extremity. 

1 
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The cartilaginous part occupies less than half of the length of 
the canal; it is formed by the prolongation inward of the carti- 
lage of the concha and the tragus. It presents, at its upper 
and its posterior walls, deficiencies which are filled in by fibrous 
tissue, showing on its surface two or three fissures which run 
vertically. The presence of this membranous section makes 
this portion of the canal and the concha freely movable. Another 
factor tending toward the canal's mobility is the fibrous tissue 
connecting the cartilaginous portion to the bony portion of the 
canal. The mobility of the canal is of sufficient greatness to 
permit an almost entire straightening out of the canal, when the 
concha is drawn upward and backward. 

The Osseous Canal : The osseous portion of the external audi- 
tory canal is formed in part from the squamosa and in part from 
the OS tympaniciun; these two bony parts are continuous 
behind. Where the. os tympanicum abuts upon the mastoid 
process, there is a well-marked fissure known as the fissura 
tympano-mastoidea. The os tympanicum is separated in front 
from the temporal bone proper, by a fissure seen at the base of 
the zygomatic process, designated the fissura petrotympanica. 

The rim of the bony opening — the porous acusticus externus, 
where it is a portion of the os tympanicum — is rough and broad, 
and presents an irregular triangular form (facies triangularis) to 
which the cartilaginous portion of the external auditory canal is 
attached. 

The gap, above, left by the configuration of the os tympanicum, 
is filled in by a part of the squamosa of the temporal bone, known 
as the superficies meatus. 

To aid our description, we divide the canal into an upper, a 
lower, an anterior and a posterior wall. 

The upper and the posterior walls are shorter than the lower 
and the anterior walls, the oblique position of the drum being 
responsible for this difference in length. 

The cartilaginous and the bony portions of the canal meet at 
an obtuse angle, causing a protuberance to project into the 
canal's lumen from the antero-inferior wall; this point is the 
narrowest section of the canal. 

In form, the external auditory canal is that of an oval cylinder, 
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presenting a wider lumen at both conchal and tympanic extremi- 
ties, than at the point of junction of the cartilaginous and osseous 
portions. 

Bezold (1) publishes the following measurements of the canal's 
diameters at given cross sections: — 

Place of Measurement Laige Small 

Diameter Diameter 

1. Beginning of cartilaginous canal 9.08 mm. 6.54 mm 

2. End '' '' " 7.79 5.99 

3. Beginning of osseous canal 8.67 6.07 

4. End " '' " 8.13 4.60 

A glance at Fig. 1 shows the shape of the lumen at the parts 
measured. 

4^60 




FiQ. 1. — Showing the Form and Diameter of the External Auditory Canal at 
Various Depths, According to Bezold. 

Age Variations : In young children the meatus is extremely 
short. The osseous section is more or less deficient, and in 
foetal life it is entirely absent. At birth it presents as an incom- 
plete bony ring. In the newborn the external auditory canal 
is really only a cleft. The osseous part is represented by the 
superficies meatus. This superfici^ meatus and the membrana 
tympani constitute the upper wall, and the concha is almost in 
intimate relationship with the superficies meatus. A true carti- 
laginous canal does not exist at this age. 

As age advances, the membrana tympani becomes more ver- 
tical, the superficies meatus meanwhile bends upon itself to form 
an angle which, as adult life is reached, almost equals a right 
angle. 

At birth, the upper and the lower canal walls are in contact ; 
as the child grows these separate and widen the lumen of the 
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canal. The development of the os tympanicum from what at 
birth was only a bony ring, separates the membrana tympani 
from the cartilaginous canal. 

The juncture of the osseous and the cartilaginous portions of 
the canal is of special surgical interest because the narrowness 
of the lumen causes foreign bodies located in the deeper parts 
of the canal to become impacted. 

Pathological Lesions of the Canal Indicating Surgical Inter- 
ference : Malformations : Various pathological conditions occur 
in the external auditory canal demanding surgical intervention. 
Some of the lesions are of congenital origin, others are the result 
of inflammatory processes, and some are due to accident or to 
trauma. The more important congenital lesions are malforma- 
tions of the canal or its partial or complete absence. 

Malformations are usually associated with malformations of 
the concha, and the attempt to correct the deformity of the 
concha is usually extended so as to render the canal patent. 

Operative procedures, as a general rule, yield better results 
where the malformation is the result of accident or tramna 
rather than where it is of congenital origin. 

Malformations vary in extent, kind and degree, from a simple 
closure of the canal lumen, to absence of the canal, or abnor- 
malities such as duplication of the canal. Macaulin (2), Gnr- 
anowski (3), and Hab€rmann{4). In such cases, considerable 
ingenuity is required to meet the exigencies, and no hard and 
fast rule can be promulgated to meet all cases. Our efforts, 
necessarily, must be governed by the conditions present; the 
aim to establish a patent canal must be carried out with a 
care to obtain good cosmetic results. Fortunately this condi- 
tion is rare. * 

No operation should be undertaken to correct maldevelop- 
ment of the canal, unless the middle and the internal ears are 
foimd to be intact. 

Congenital Atresia : Of importance, in connection with mal- 
development of the canal, is congenital atresia. This may be 
bony, fibrous or membranous. Knapp (5), Politzer (6). The 
amount of atresia varies from partial closure to complete oblit- 
eration of the lumen of the canal. The graver forms of atresia 
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are usually associated with maldevelopment of the middle and 
the internal ears, and it is rare to find a well-developed concha 
present on the affected side, although occasionally it is found. 
Link (7), Jacobson (8), Blau {9), L. Wolff {10), Breiger {11), 
and others. 

Schxvartze (12) holds that invariably where grave one-sided 
atresia is present, a maldeveloped labyrinth also exists on the 
affected side, and substantiates his observations by the fact 
that a test fork placed on the middle of the top of the head is 
heard only in the normal ear. 

Clinically, the auditory meatus may be present as a cup-like 
depression; or it may show a small orifice, terminating in a 
blind cul-de-sac, a few millimeters deep. In all these cases, it 
becomes essential to demonstrate the actual condition present. 
The character of the atresia, and the presence or absence of a 
functionating middle and internal ear must be determined. 
Acupuncture demonstrates the character of the atresia — 
whether it is fibrous, membranous, or whether imdemeath the 
membranous closure, bony atresia is present. When bony 
atresia is demonstrated, the question of surgical intervention 
rests on the proven presence or absence of a functionating 
auditory apparatus, the fork test for bone conduction deciding 
the question. It is presupposed that the patient is of sufficient 
age and intelligence to answer to this test, for unless the con- 
dition is bilateral, and because of fear of resulting deaf-mutism, 
it is better to wait with the surgical measures imtil the test can 
satisfactorily be made. 

Operative procedures in congenital atresia of osseous char- 
acter, where the functionating apparatus is involved, give poor 
results any way, and the suggestion of Michael Jaeger (13) that 
the mastoid antrum be opened in such cases in a manner similar 
to that employed in performing the simple mastoid operation, 
keeping the post-auricular wound permanently open to permit 
sound waves to reach the middle ear through the opening, 
may perhaps afford the surest relief to this condition. 

In the other class of cases, where atresia is of fibrous or of 
membranous character, operative procedures either by the intra- 
meatal or by the post-auricular route are indicated. 



i\ THK BURGERY OF THE EAR 

HurKiral int<Tf<Trnc(j to In; Buccessful, therefore, is limited to 
tlu» HiiiiplcHt fonim of congenital atresia, namely, those where 
Ihi' ahwuco of bony doHure Ih demonstrable, and where the fork 
IrntH Hhow th(^ pn^m^nw^ of a functionating auditory apparatus. 

Acquired Atresia : Ac(iuired atresia, the result of inflanuna- 
tory (li^ponitH in the walls of the canal, is usually amenable to 
HurKieiil trcMitnu^nt. Whether soft inflammatory, or osseous 
dt^positH, th(\v art to impetie hearing by lessening the diameter 
of tlu^ autlitory eaiuil; or where middle-i»ar suppuration is 
pn^sent» tlu\v an* a hii\dranee to proper drainage and render 
tho nuddle oar inaeeessible to treatment. Inflammatory atre- 
mi^H n\*4ult fixun granulation tissue fusmg across the canal 
Unuen, undorpMUg fibrtnis organization, and finally becoming 
enveK>|HHl in a covering of epidermis. No actual malformation 

\\ hen* active intlanimation of the middle ear is present at the 
sHiuo tinu^ ius tho atn^sia, it is advisable to treat surgicaUy 
tho oausatiw dis*\HJ^\ at tlio tune that the atn^ia is treated, for 
llio \\MUimianiv of tl\o suppuration may not only cause a reap- 
|>^\*Mr;uuv \^' tlu* atn^a. but tho rx*sulting ^x^und is bathed in the 
l^miWut dWharj^* fn>m tho middle ear, and llus tends to 
(Vmlhsr inftvt tlu^ oanal walls. 

A\>\uin\l atrt>sias an^ oivn to surgical attack either by way 
\^* th^^ mtr^>»t>at^ iv tho |\^t-aurioular rx^uto, the procedure 
^^•^ivtixl vW}vtvlit\s ^U^^^^ ^*^^' oliaractor aiKl tho k^cation of the 

Iv* K>5h A^ivc^^r.itAl ajxi aovv^UTwi atrv^. wiK-n the intra- 
r,\^:Al rvx:u^ i^ ohv^s^^n, :h^^ iiKi^ion :vjuio lit-rvois upon the 

iMimiMiata) ti>f«atk«i fee AtrKtt : A v'^:rv'^:.i:9kr rr^nficci around 
^V A5^.>!«k CN>!r:\:>**^<>^^ Tor.x^vir^ :ho vyvcrj».-:>cic., isas been 

r," ,\%.-^>, ,v.\r. ^-^.-^UTvc 5,x;r :ra^*c..Ar '^\:>^- :\:.z5ira: coe or 
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walls, the patency of the canal being meanwhile maintained 
by gauze tampons. 

After a few days, usually after the fifth day, the flaps are 
found adherent, and the canal wall presents four granulating 
areas, to which applications of lactic acid are made to check 
exuberance of the granulations. Free use of antiseptic dusting 
powders, together with tamponage of the canal, gradually 
increasing the size of the tampons, leads to a successful result 
of the operation. 

In cases requiring removal of bone, or in those in which the 
intrameatal attempts to relieve the atresia have failed, the 
post-auricular route should next be tried to relieve the condition. 

Advantages and Disadvantages of the Intrameatal Route : 
The advantages of the intrameatal route are found to lie in the 
avoidance of a general anaesthetic, and in the fact that the pro- 
cedure does not incapacitate the patient from pursuing his 
ordinary vocation. 

Its disadvantages are shown in cases where large areas of 
obstructing tissue are uncovered, demanding removal; this 
cannot be accomplished as well through the meatus as through 
the post-auricular incision. 

The post-auricular operation is described later. 

Exostoses : Bony excrescences are usually found in the 
osseous sections of the external auditory canal. Partly the 
result of thickening or exuberation of the normal bone, they 
have been designated osteophytes by Urbantschitsch (14). 

The usual location of an exostosis is on the upper wall of the 
canal, just in front of the drum. Occasionally, two excres- 
cences are observed at the points where the anterior and the 
posterior walls merge into the upper canal wall. These are 
usually symmetrical, and are outgrowths from the annulus 
tympanicus at its anterior and posterior juncture with the 
squamosa. Moos (15) supposes them to be the result of patho- 
logical irritation during infancy, and they are thus considered 
a form of maldevelopment. 

In general, the well-developed exostosis is found situated on 
the posterior wall. Exostoses of the cartilaginous portion of 
the canal are considered by Green (18) of congenital origin. 
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Exontofliii is rarely seen in youth or in infancy, althou^ 
Field (10) n;portH having observed this lesion at four years of 
ago. In older individuals they are by no means rare ; Pierce (17) 
reporting their occurrence 9 times in 300 cases. They vary in 
form ; Home being plainly circumscribed, having a broad flat base, 
while others are distinctly pedunculated in character. 

Hmall exostOH(^s do not require removal. Even larger excres- 
oonoc»H wlilch do not impede hearing require no attention; but 
wh(»n inflammatory conditions supervene, and their existence 
tvml toward pus n^tention, or when they mechanically render 
the iniddU* ear inaccessible to local treatment, they then require 
mirgical rontoval. 

If a middle ear suppuration is complicated by the presence 
of an exostosis of the canal, it is advisable to perform mas- 
toiilootomy and attempt the cure of the entire pathological 
roiulition, rather than to content one's self with the simple 
rtiuoval of the exu^ta^is. The intrameatal operation to remove 
the oMVHtivsis under thest^ conditions, nmders the resulting wound 
liable t\> iufin^tion fn>n\ the purulent discharge from the middle 
tHir, and if the exi^stivns is largi\ ilemanding much chiseling to 
nn\iove it» t\^|Hvially in nervous |>atient8, a general anaesthetic 
will iHHHMwe n^HH^i^^ry: then^fon* imnuxliato mastoidectomy is 
5^tr\Mvsl>* adv\H^Ht^Hl» 

\\\ the alv^^mv of iHMnplioHtinu middle ear suppurations, the 
r^^UH^val of the e\iV4tiv4s nm* Ix^ aoivmjJished either intra- 
WH>AUH\' \Mr thixniglx a |HV<t-v*iurioular incision. 

InttumtAtal RtmoTal of Exostosis of the Canal : The patient is 
SiN^-^i :i Kv^l auH^sthotio. aini the noishK>ring parts are ren- 
^K'^xi AS surpoallj' oUNsut as j\>5^l4t\ 

TV^ siin ONxsriyhxs iho o\x\si^>sis is incfc^xi and, if possiUe, 
xv^«iot<\l. h sJhh^M Iv ?h*^ s\ir>^\>n s aim to saw as much 
>>f ^Sc si.in as {\>5^l>k\ thi'^rx^xv a>\>kiiiv: an own raw sur- 
f*cv. TV siin is :o Iv Txn\a^t\i afu^ ;ho T\^.xn^ of the 
ir\\v4vtsisK 

Vf^NT iV sJ.,- has Kvr, x\5siSA: Asi>^\ a sr,.*!: v-hi^^ aliariied 

«ifti via.>!N^. ;jy?iu?fc5^ iK' < v\s:>tsis \\ ::>, a r-m s&.^r:, Sdix taps 
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of the mallet, the exostosis is planed off, and its protuber- 
ance leveled to that of the niveau of the canal wall. The 
retracted skin is now replaced and tamponed into position. 

Where the exostosis is removed without regard to the preser- 
vation of the skin, the raw surface is dusted with an antisep- 
tic powder, and the wound is otherwise treated as an open 
wound of the walls of the canal, special care being taken to pre- 
vent exuberant granulations from developing. 

Wherever the intrameatal operation presents difficulties, or 
whenever the exostosis present is extensive, the post-auricular 
mode of operating offers the best results. 

Necrotic Areas in the Canal : Ulcers of the canal may be limited 
to the soft tissue, or they may be superficial evidence of localized 
caries or necrosis of the underlying osseous parts. Further- 
more, ulcers are either the result of inflammatory processes or 
they are the superficial degeneration of neoplasms. 

Ulcers have been observed in connection with diphtheria, 
variola, and other general systemic disorders, and are not rare 
in tuberculosis Gupus), syphilis, or carcinoma. 

Ulcer of the canal indicates intrameatal treatment. Its 
surface should be scraped, and then dusted with antiseptic 
powders, and the auditory canal lightly packed with gauze. 

Caries or necrosis of the osseous portion of the canal is gen- 
eraUy due to some inflammatory lesion. This condition is often 
associated with otitis externa. Furthermore, caries or necrosis 
of the canal, is often associated with a similar condition in the 
mastoid process. In this class of cases, the ulcer is usually 
located on the posterior superior meatal wall. 

According to their size and location, necrotic areas are scraped 
either through the meatus, or after post-auricular incision into 
the canal. Intrameatal scraping is performed either with the 
spoon curette or Richards* curette. Thus the areas of necrotic 
tissue are removed; the surface is dusted and treated as an 
open wound. When the areas are large, or sequestra have 
formed, the post-auricular route gives better final results. 

Inflammation of the External Auditory Canal : Inflammatory 
lesions of the external auditory canal are classified as circum- 
scribed and diffuse, the most frequent circumscribed lesion 
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being a condition of furunculosis, and the diffuse condition 
being designated otitis externa. 

By furuncuiosis of the external auditory canal is meant a 
characteristic circumscribed infection of the skin and subcu- 
taneous tissue, usually located at some point in the cartilaginous 
portion of the canal, although occasionally the osseous section 
is the seat of lesion. Properly, a furuncle is a staphylococcus 
infection of a hair follicle; when infection takes place through 
a skin abrasion, an abscess or phlegmon develops. 

Intraiueat^l treatment is indicated; the furunculous mass is 
inciseii, it^ contents evacuated, the small abscess cavity curetted 
and its walls toucluKl with a solution of ortho-chlorophenol, fol- 
lowixi by absolute alcohol. The Uttle cavity is then packed 
or if tiH) small, is dusted ^ith an antiseptic powder. The 
canal is lightly packed with sterile gauze, which should be 
changixl daily. In cases occurring as a complication of a pre- 
existing purulent otorrhcra, the latter condition must receive 
attention to pn*\Tnt recurrence. 

Phlegmons and alisci^s^^ are treated intrameatally, by evacu- 
ation of their cimtents, packing and drosings as described above. 
In raji^^ whert^ the inHanuuator>* infiltrate is extensive, multiple 
incisii^is are indicateii. In absces«?Ss the position erf the inci- 
skn\ \^t^ with their Kx^ation. WTien perichondritis is [Hiesent, 
nuuufokl incisions arv indicated to defJete the parts and pro- 
nu^o healing. 

H«w Giowths : New growths of the canal, if small, are re- 
mo\>\l with the snan\ in a manner similar to that described for 
ihi^ nntKn^ irf aural jxJyj^s. When the growth is of large size 
aiKl thi^ iK^ighlxxriixg jvwrts arv in\\J\\\l, the pa?i-auricular route 
siKHikl Iv ^4eclt\i to effivl their rt^wval. CiHisiderable varia- 
ik^iis in tht^ |>iwt\lurv arv invess^suy de(XHiding on the siae 
axKl the ky^ation i>f ihe grv^wth. 

F^oc^jfa Bodm m ^t Exttraal Ataditory Cuial : The entrance 
of Kvv^ K\li^\!i into thi^ oxtenial au^litory canal, either by acci- 
%ktit oc by ^Kt%n« jvrx^^ts a v\>tHiitk>r* o«Vn vlemanding the exer- 
cise of the 3av>a:e« :^rpcal sJiill toiSJtvt their :vn»vaL Altiioi]^ 
»xv trxx^ut^.t in chvkihivvi. fvY\-i^* Kx&ts^ a;:v ohewrwl in tlie 
exT«tiai a;xS!vW ca»j^ at ail a^^ 
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Foreign bodies may lodge either at the meatal orifice, at the 
junction of the cartilaginous and the osseous sections of the canal, 
or they may lodge so deep in the meatus as to lacerate the 
drum, and occasionally force an entrance into the middle ear. 

The animal, the vegetable and the mineral kingdoms are 
represented by the various objects found in the canal. Insects, 
maggots, plants, beans, fruit seeds, stones, beads, and glass 
particles, are samples of a large collection taken from the audi- 
tory canal. 

The presence of foreign bodies is demonstrable upon inspec- 
tion, and by the cautious use of the probe, together with a study 
of the history of the given case. Deaths have resulted from 
unskillful attempts at removal, cases being reported by Wein- 
lechner (19), Wendt (20), Szokalski (21), Frdnkel (22), and others. 

Operative Removal of Foreign Bodies : The simplest and 
most efficacious method to remove small foreign bodies consists 
in the forcible syringing of the external auditory canal with 
lukewarm water, as originally suggested by Celsus (23). 

Where the foreign body is a living insect, it is well to first kill 
the insect. This is done by introducing a few drops of 
chloroform into the meatus upon a cotton plug. 

In cases where the foreign body is small, and of such shape 
that syringing fails to dislodge it (glass beads, etc.), removal 
is indicated by the agglutination method. This consists in intro- 
ducing a cotton-capped applicator, wet with a sticky substance, 
preferably collodion, and bringing it 'into contact with the 
foreign body. After a few moments, the body is found to adhere 
to the cotton-capped applicator, and can then be successfully 
removed. 

Where inflammatory swelling, due to irritation, is presait, it 
is found advisable to first treat the inflammatory condition 
and only after the absorption of the infiltrate, to attempt the 
removal of the irritating body. Granulations or adhesive 
bands, whicU develop about a foreign body which has been in 
situ for a c6hsiderable time, demand removal before the 
foreign body dan be extracted. 

In cases where the foreign body is large, and is not removable 
by syringe or the agglutination method, instrumental extrac- 



12 THE SURGERY OF THE EAR 

tion is indicated through the meatus. Small, delicate hook- 
shaped instruments are carefully introduced behind the object, 
care being exercised not to injure the membrana tympani, 
secure a hold on the foreign body, and cautiously extract 
it. Vegetable products are removed piecemeal, the final 
detritus, reduced in size, being washed away by a water 
douche. When operating through the meatus, the canal walls 
must not be unnecessarily injured, as infections may result 
with unpleasant sequelae. 

Failure to extract the foreign body through the meatus is 
foUowed by removal of the object through the post-auricular 
route. 

The after-treatment of intrameatal removal consists in dust- 
ing all excoriated areas, and keeping them surgically clean, 
watching the granulations to check their exuberancy, until the 
epidermis has covered the raw areas. 

The Post -auricular Operation : Historical : Incision into the 
posterior canal wall after post-auricular incision and retraction 
of the soft parts, for the removal of foreign bodies, was first 
practiced by Paul of Aegina (24), although it is surmised from 
the writings of Fabriciiis ab Aquapendente, Leschevin and Itard, 
that the operation was then only suggested upon theoretical 
grounds, and had not been actually performed upon the living 
subject. Of the earlier writers, Duvemey, v. TrdUschj Ran and 
Lacde considered the post-auricular operation as quite value- 
less. On the other hand, Schwartze favored its employment to 
remove deeply situated foreign bodies, and his assistant, D. 
Eysellj 1870, reported good results. Since then, Israel, Langenr 
beck and others have used post-auricular incision not only to 
remove foreign bodies, but as a means to successfully attack 
other pathological lesions in the external auditory canal (25). 

Indications : The post-auricular operation is indicated in all 
lesions of the external auditory canal where free access is desired 
to the deeper parts of the canal. In congenital or acquired 
atresias, where elaborate flaps must be cut; in extensive exos- 
toses, where large areas of osseous tissue require removal; in 
foreign bodies solidly wedged in the depth of the auditory canal 
or in the tympanic cavity; in the presence of new growths of 
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large size or extensive area involvement; in extensive necrotic 
areas or caries whether associated or not with sequestra forma- 
tions; in all these classes of cases, the post-auricular method 
of approaching the lesion is indicated, and gives the best 
surgical after results. 

Whatever the special indication may be, calling for this 
procedure, the main steps of the operation are the same. The 
procedure is varied to meet the given requirements after the 
external auditory canal ha^ been opened to expose its interior. 

The Operation : The patient is prepared for general anaesthesia, 
and local parts cleansed and dressed, as described in preparing a 
patient for mastoidectomy. 

The operation begins by making an incision, one-quarter 
inch behind the auricular attachment, paralleling the line of 
attachment from its upper to its lower limit. The incision 
should be made with a sharp knife, and with one sweep, carried 
through aU soft tissue down to the underlying bone. Bleeding 
points are speedily secured, and while hemorrhage is usually 
insignificant, occasionally free bleeding results from the severing 
of the post-auricular artery. 

The concha is now pulled forward and turned upon itself, and 
the periosteum and soft parts are pushed as far forward as pos- 
sible, exposing to view the posterior wall of the membranous 
canal. An elevator, or other blunt instrument, is gently in- 
serted along the posterior canal wall, between the membran- 
ous wall and the bony parts, separating the membranous section 
from the bone. 

Often during this maneuver, the canal wall tears at the junc- 
ture of its soft with its osseous section, and the interior of the 
external auditory canal is in view. In cases where this does not 
occur, an incision is made sufficiently large to accomplish the 
end in view (removal of foreign body, extraction of exostosis, 
etc.). 

After the hemorrhage has been controUed, the concha and its 
attached canal portion are pulled forward, and held there 
during the subsequent procedures. 

If the operation has been undertaken to relieve atresia, suit- 
able flaps are now cut and the obstructing tissue removed, 
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Where exostoses demand attention, their removal is accom- 
plished by the chisel, introduced through the opening in the canal. 
The curettement of necrotic areas or the extraction of new 
growths is also accomplished through the incision in the canal 
wall. 

The object of the operation attained, the soft parts of the 
canal are carefully replaced and tamponed into position. The 
post-auricular skin wound is sutured and an external dressing 
applied. 

After-treatment : The canal waU usuaUy requires no suture, 
the tampon being sufficient, to keep it in position, and prevent 
occlusion of the lumen of the canal. After five days, the dress- 
ings are removed, the stitches are taken out, and a Ught collodion 
dressing applied to the line of incision behind the concha. A 
few days more suffice to complete healing. Many surgeons do 
not incise the canal wall, but content themselves with tearing 
through it. The results are equally good in either case. 

Value of the Operation : This simple procedure possesses 
great value, not only because it affords a clear unobstructed 
view of the deepest parts of the auditory canal, but also because 
it provides a positive means for relieving atresia by rendering 
it possible to make suitable flaps. Furthermore, it permits the 
removal of foreign bodies without inflicting unnecessary trauma 
to the membrana tympani, and it offers the best means to 
eviscerate necrotic areas, sequestra formations and new growths. 

It possesses few dangers under ordinary aseptic precautions, 
although the potential infection of the cartilaginous canal is to 
be borne in mind. In cases complicated by middle-ear suppur- 
ation, it is well to have it understood beforehand that, mastoid- 
ectomy may be undertaken at once, if the findings warrant 
it, to avoid further delay, as the post-auricular incision is 
similar to that made for the operation on the mastoid. In 
such cases, mastoidectomy may be proceeded with, should 
the necrotic areas be extensive or an obstructing osseous atresia 
be uncovered. Where primary union results, the operation 
leaves only a slight scar, and even this is hid by the concha. 
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FARACrXTESaS 

Huia0iait--Clnmpaxtvm oj Middle Ear Diteauf — ImdioEiums 
for Faracmten* Sdtwurtze* — Indiaxtumf in ike Ligki d/ 
O^ f*re»tnl Knmdedge — Swyical Anatomy of the Mem- 
>Mnna Tymfani — Preparation of the Patient — Aneatheiic — 
Inrinon — Dangers of Paracentesis — After-treahnemt — After 
Effeet^. — Treatment of Shnc H fating Perfaratianf — Vabie 
of the Operation — Immediate Effects to be Erpeded, 

'Ektanalz RelAlhre to the amfJicitT and the ease of Hb 
txeraiif^. tb^re probably is no procedure of an operative nature 
in ^AfJifjfgy. which gives such brilliant results as are obtained 
from paracentffsis, when intdligently used. 

At first, it was advocated and used by a Pariaan charlatan 
nair^ EHi, who flourished in the latter part of the ^^teenth 
century. It is generally ascribed as having had its first legitimate 
emplojrment at the hands of Himly and Cooper, during the 
beginning of the nineteenth century. As a matter of fact 
Chesdden \\), I72f), and Busson (2\ 174S. had aheady advo- 
cated the measure, and WUde reports that Dr, Peter Degravert 
(Z), an Edinburgh physician, wrote of the procedure and its 
indications in 1788. 

Himly (\)j of Gottingen, demonstrated paracentesb oa the 
cadaver in 1799. and performed the first operation upon the 
living subject about 1806. Meanwhile, Astley Cooper (5), in 
1801, published his first successful attempt at the operation. 
These observers used paracentesis as a means to imiHt>ve hear- 
ing in cases of stricture of the Eustachian tube. 

Their results brought about a rather promiscuous emidoy- 
ment of this procedure in all kinds of cases in which deafness 
was a marked s>7nptom. This abuse, against which Himly 
protested, gradually caused the operation to be abandoned. 

16 
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Individually reported cases, wherein success was reported in 
improving hearing, continued to be made. Thus Kern and 
Rust, in Germany, and Saunders in England, and Itard in 
France, are cited by SchwarUe (6), as having successfully used 
the procedure. We are indebted to Schwartze (7) for placing 
paracentesis upon a sound scientific basis, and giving this little 
operation its proper place in otological surgery. 

Before attempting the discussion of the indications for para- 
centesis, and in order that the conditions calling for its employ- 
ment may be better understood, let us briefly sketch the classifi- 
cation of middle ear diseases. 

Classification of Middle Ear Diseases : We classify the middle 
ear diseases according to their clinical aspect, which in accordance 
with the views of Politzer, WaJb, Jacobson, Heine and others (8), 
divides them into two general classes. On the one hand middle 
ear catarrhs, and on the other middle ear inflammations. The 
former caused by mechanical closure of the Eustachian tube, 
and the latter produced by the invasion of pathogenic micro- 
organisms. 

The otoscopic picture in middle ear catarrhs is the result of 
the absorption of the air from the tympanic cavity, due to the 
tubal closure. The otoscopic picture presents a reddish, re- 
tracted drum, upon which a pathological fold is often evident, 
running from a point behind and below the processus brevis 
toward the posterior drum margin; this pathological fold is 
designated the "posterior fold." Shrapnell's membrane is 
usually drawn inward, and presents a pathological light reflex 
at the point of its greatest concavity. The malleus handle 
inclines toward the promontory, and consequently appears fore- 
shortened; its processus brevis is usually sharply outlined in 
*' bas-relief," and from it, when the drum retraction is markedly 
distinct, a small pathological fold is often observed running 
forward toward the drum margin. 

In contradistinction with chronic cases, in acute middle ear 
catarrhs, instead of presenting a pearl-gray color, the drum 
shows red, with blood-vessels injected about the malleus handle; 
occasionally these injected blood-vessels are absent. 

The red tinge of the drum is due to the general hyperemia of 
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the Imhig mneous memfarane of the tymiMUDie csnty, which 
mcfaides the mucous kyer of the dram itaelf m its hypenemic 
procesB. The hvpenemia is the result of air rmieficmticm in the 
trmpanie cavity. In its oiher layers the drum remains un- 
changed. It presents no k»s m reflective pofwer or trandu- 



The end result of the air absoqition from the middle ear is 
presented in the mechanical formation of a trammdate, which, 
depending on its amount, will be demonstrable on the drum by 
a fine of demarcation, d^ioting its upper levd. Nolineof demar- 
caticm between fluid level and the rest of the cavity is seen when 
the entire t3rmpanic cavity is filled with transudate. The pro- 
duction of the transudate is checked as soon as the tyiiq)anic 
cavity becomes fiUed, ot when compensatory pressure has become 
establisfaed, and this is the reascm that no bulging of the drum 
is observed in middle ear catarrh. 

The findings of the otoscopic picture are substantiated in the 
establishment of the diagnosis, by compariscm with the oj^XMite 
side, provided, of course, that the opposite ear is healthy, and 
by the interpretation of the auscultation sounds during catheteri- 
zation of the affected ear. A compariscm of the drum picture 
after catheterization, with the finding ;?; before the employment of 
the Eustachian catheter adds valuable data toward diagnosis. 
The level of the transudate will be found to have changed and 
the presence of air bubbles in the fluid will be evident. 

By middle ear inflammation we mean an inflammatory involve- 
ment of the tympanic ca\ity due to the invaaon of pathogenic 
microorganisms. Middle ear inflammations usually are an 
extension by contiguity of an inflammatory process from the 
phar3mx, which successively involves the pharyngeal mucosa, 
the mucous lining of the Eustachian tube, and finally the 
mucous lining of the tympanic cavity. 

The otoscopic picture in middle ear inflammaticms differs 
radically from that obser\ed in the middle ear catarrhs. Here 
we find that the drum presents a duU, flat, glossy appearance, 
its transparency is lost, and there is no e\idence of retraction in 
well-marked cases. The blood-vessels of the malleus handle are 
usually strongly injected. The proce^sois brevis not only does 
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not stand out sharply, but on the contrary its outlines gradually 
become effaced. 

As Heine points out, there exists a stage in the inflammatory 
process, which strongly simulates acute middle ear catarrh, and 
the differentiation between the two diseases at this stage pre- 
sents considerable difficulty. Furthermore, border-line cases are 
occasionally met with, which are hard to classify in one or the 
other category; and finally a catarrhal process, upon the advent 
of bacterial infection, may merge into an acute inflammatory 
lesion. 

As the inflammatory process develops, an exudate is thrown 
out into the tympanum, the mucous membrane lining the middle 
ear meanwhile swelling. The inflammatory infiltrate spreads to 
the fibrous and elastic layers of the drum, resulting in an altera- 
tion of the otoscopic picture. The malleus handle is now oblit- 
erated, and as the sweUing of the drum continues, the processus 
brevis finally disappears from view, or remains as a small white 
spot on the dark red background of the swollen drum. 

The production of the inflammatory exudate continues, and 
as its amount increases within the tympanic cavity, it exercises 
a continual pressure on all sides, which is relieved only partially 
by the outwwd bulging of the drum; this tension causes the 
intense pain experienced by the patient. 

The process either continues until spontaneous perforation of 
the drum takes place, or it becomes arrested in its development, 
and the inflammatory exudate is absorbed ; when the condition 
has fidly retrograded, and the lining mucous membrane of the 
tympanic cavity again becomes normal, recovery is complete. 

In children, either because of the greater resistance offered by 
the membrana tympani, or, what I believe more probable, 
because the Eustachian tube at that age is shorter, straighter 
and of larger lumen than at any subsequent time, the inflamma- 
tory exudate does not spontaneously perforate the drum as 
readily as in adult cases, but the excess of exudate discharges 
itself through the Eustachian tube into the pharynx. I have 
observed in cases among children, where the patient gave unmis- 
takable signs of suppurative middle ear disease, and where in 
the ordinary run of such cases a perforation of the drum would 
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have been formed^ that the drum was found uxtact, and that only 
upon a careful exammation of the posterior and lateral pharyn- 
geal walls was it evident that the purulent discharge was being 
thrown out from the pharyngeal orifice of the Eustachiaii tube. 
Occasionally, I have seen the discharge from the pharyngeal 
orifice of the tube appear externally as a purulent nasal dis- 
charge; this occiUTed in very young children. 

It is worthy of note that Zaufal and Piffl (14) recently called 
attention to the course piu^ued by the middle ear inflanmia- 
tions among children. These observers remarked typical 
cycles manifesting themselves in genuine middle ear inflamma- 
tions. These cycles resemble the cycle of the course of pneu- 
monia. Starting with a chill, the disease is accompanied with a 
high fever and excessive pain and the characteristic otoscopic 
picture; this lasts for from seven to eight days when a rapid 
turn toward recovery supervenes, no perforation of the drum 
having taken place. 

In middle ear inflammations, diagnosis is made on the given 
history, the clinical symptomatology, and the otoscopic picture. 
No resort to the use of the catheter is advised; on the contrary 
it is regarded rather as a dangerous procedure. Tte middle ear 
is full of pus, usually to the limit of its capacity, often under 
considerable pressure, and the forcible introduction of air through 
the Eustachian catheter is likely to force the purulent contents 
of the tympanic cavity, along the line of least resistance, and 
thus infect the aditus ad antrum, and then the mastoid ceUs 
previously uninvolved, if indeed it does not succeed in producing 
graver sequelae. 

Having now briefly sketched the types of middle ear affection, 
we will discuss the indications for paracentesis. 

Indications for Paracentesis (Schwartze) : SchwarUse, to whom 
we have referred as having given paracentesis its scientific basis, 
considers the procedure indicated: — 

1. In cases of acute and chronic catarrh with so excessive an 
amount of transudate in the middle ear that the drum bulges, or 
in cases wherein during inflation no auscultation sounds are 
audible; and also in cases where conservative treatment — 
especially catheterization is without beneficial effect: 
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2. In cases of otitis media purulenta acuta which fail spon- 
taneously to perforate the drum: 

3. In cases of otitis media purulenta chronica with insufficient 
perforation, or where the perforation is situated high upon the 
drum, or where there is exhibited evidence of pus retention: 

4. In cases of myringitis, presenting a greatly swollen dnun 
and causing excessive pain: 

5. In cases where it is determined to incise the membrana 
tympani to establish positively the presence or absence of exudate 
within the tympanic cavit}*^: 

6. In cases where it is desirable to produce an improvement 
in hearing by severing intratympanic adhesions. 

Indications in the Light of Our Present Knowledge : In the 

light of a more thorough knowledge not only of the symptoma- 
tology but also of the pathology of middle ear disease, Schwartze^s 
indications for paracentesis have undergone considerable modi- 
fication, although the main points laid down by him are as true 
to-day as they were at the time they were first advocated. 

We no longer perform paracentesis in the catarrhal condi- 
tions. Realizing that the drum is of relatively small impor- 
tance to the act of hearing, we do not incise it in an attempt to 
better this faculty, and while it is true that an incision in the 
inflamed and swollen drum, by depletion and relief of tension 
often aids toward recovery, we do not usually resort to para- 
centesis for myringitis, as such cases usually resolve without 
resort to this procedure. 

Generally speaking, paracentesis is indicated in acute inflam- 
mations of the tympanic cavity, where the drum presents either 
a circumscribed or a diffuse bulging. Purulency of the exudate 
within the tympanic cavity is often demonstrable through the 
drum by the slightly yellowish tinge which it imparts to the red 
drum; concomitantly, the clinical picture reveals a febrile 
curve, and intense pain in the affected ear. 

Drum bulging, fever and localized pain are indications sub- 
ject, however, to individual variations. While children almost 
invariably present high fever as a constant sign, in adults, the 
fever, if present, consists in only a slight rise in temperature. 
In infants, I have observed a loss of weight, and the advent of 
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diarrhoea where no error in diet had taken place; this refers to 
artificially fed infants. The loss of weight and diarrhoea are aiso 
present in breast;fed infants. 

Neither must a bulging drum be conadered a sign invariably 
indicating the presence of a purulent exudate; cases have been 
observed where bulging has appeared, due to an excesave swell- 
ing and infiltration of the lining mucous membrane. There are 
cases observed where' the drum presents a diffuse swelling, is of 
bright red color, and yet so coated with loosened epidermis 
scales that the condition of the middle ear can not be determined. 
Among children, especially among infants, it is often an imposr- 
sible task to xiew the drum at all, as the external auditory canal 
is narrowed and partially filled with a mixture of epidermis and 
cerumen. Furthermore, among the aged, whose drums have 
become thickened, it is a difficult task to establish the fact that 
bul^ng of the membrana tympani exists. 

Thes^^ obscure cases are usually the most dangerous, as delay 
in iv^rting to paracentesis may aid toward the extension of 
the diseased area, not only to the mastoid re^on but also to the 
internal ear, if not to the cranium. 

Therv arv authorities who recommend the employment of the 
Eustachian catheter as an aid in clearing up the diagnoos in 
thi^* ea^^, and to establish the presence or absence of pus in 
the miilvlle ear: for the ivasons cited above, and in view of the 
puhlisheil r\^|x>rts of mastoid cashes which have resulted from 
this maneuver, we agrve with Hein^ that the procedure is a 
daixg^^rous one and not to be employed in these cases. Nor 
shoukl the oh^ur\^ oa^^ be operated upon promiscuously. 
iHiKv ISfi denH>nstrat<\l that bacterial invaaon erf the tym- 
ivuiic cavil y will take lUace UKtfv readUy thnnigh the Eustachian 
tuU^ trvv,i\ the pharynx when the drum is peitoraited than when 
it is i:\;aoi» we hv4ii it well to i>au:!^^ beforv prvxeediiig to para- 
cenu^ uuk^t^ the iivlioativ^iis azv ck>arty nnH, Oises have been 
ua^uT v>i\i^Tva:i\>:\ whiTinn the amount oi exudate has been 
stvall. aixi :iH^ extent ^^' thi^ ui?.anuiia:ory process limited; 
soch rtkj^^^ h*vv rtwvvrwl withv^ut r\^>rt :o paracentesis. How^ 
ewT. b vkx.b:: ,u oas^^ it is UH:or to err v>c :he side of safety, 
asid K> iivjs^^ :ix^ vir^m cari\\ sinvv the chazaces of infeeliqg a 
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sterile tympanic cavity are less dangerous to the patient, where 
proper precautions against infection are taken by the surgeon, 
than the grave sequelae which an undetected and an unrelieved 
purulency of the middle ear threatens. 

Useful guides are presented in the condition of the mastoid 
and the general symptoms of the patient. In doubtful cases, 
paracentesis is indicated where the pain is severe, and where 
the patient is forced to pass sleepless nights, presenting a mas- 
toid which is tender upon pressure and which gives evidence of 
some infiltration of the soft tissues over the mastoid : in infants, 
when the child rolls its head on the pillow, sucks with difficulty, 
or interrupted by pain cries, but swallows readily when given 
nourishment by the spoonful, and where handling of the ear 
evokes pain cries, under these conditions paracentesis is indi- 
cated. 

With absence of pain but presence of tenderness over the mas- 
toid tip, and with absence of all evidence of pain over the 
mastoid antrum, expectant treatment may cautiously be tried. 

In all cases where symptoms of pus retention are presented, 
per example — an exudate coming away under pressure — with 
pulsations, from a spontaneous perforation, and in all cases 
evidencing meningeal irritation, there the spontaneous perfora- 
tion must be enlarged, or if in the latter class of cases, no per- 
foration is presented, then paracentesis is urgently called for. 

Some observers, Katz, Zaufal, and others, defer the perform- 
ance of paracentesis until later in the course of the disease, 
Zaufal being governed by his known views on the pathological 
cycle in middle ear diseases already referred to. We hold with 
the majority of otologists against this stand, and believe that 
paracentesis is indicated and should be performed as soon as a 
fairly positive diagnosis of tympanic purulency is established. 

Before describing the procedure itself, and because its intelli- 
gent performance demands it, we present a brief outline of the 
surgical anatomy of the membrana tympani. 

Surgical Anatomy of the Membrana Tympani: The mem- 
brana tympani, or drum, is a thin, transparent, delicate mem- 
brane, averaging about 0.1 mm. in thickness. It closes the 
bony auditory meatus at its medial extremity, and forms the 
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outer (lateral) wall of the tympanic cavity. At its periphery, 
it is fastened in the sulcus tympanicus, its bony framework 
being completed above by the squamous plate of the temporal 
bone. 

The mesial (inner) end of the external auditory meatus does 
not present a perpendicular plane to the long axis of the meatus, 
but is placed at an inclined plane which passes obliquely toward 
the long axis. Measured from the concha the lower margin of 
the drum lies at about a depth of 6 mm. deeper than the upper 
margin. The tympanic membrane thus forms with the hori- 
zontal plane an angle of from 44° to 55° opening extemaUy (9). 
The drum at the same time forms another angle than that just 
described; it lies on a plane of about 50° incline toward the 
sagittal or median plane of the head. This angle opens pos- 
teriorly and is measured in the horizontal plane. 

A slight modification of these angles is produced by the 
gradual descent of the upper and lower meatal walls to meet 
the drum postero-superiorly, and antero-inferiorly. The roof 
and the floor of the external auditory meatus descends obliquely 
toward the membrana tympani, the posterior-superior wall 
merging so gradually into the membrana tympani that an actual 
angle cannot be said to be formed; v. TroUsch estimates this 
potential angle at about 140°. 

From the practical surgical standpoint, it is to be noted that 
in pathological processes in this region, the boundary between 
the auditory meatal canal and the membrana tympani often 
becomes obliterated, and when operating upon the membrana 
tympani, the surgeon must bear in mind that the postero- 
superior portion of the drum lies much closer to the eye (as 
viewed from the meatal orifice) than does the antero-inferior 
portion. 

In form, the membrana tympani is irregularly oval, its supe- 
rior part — the margo tympanicus — being somewhat deeply 
curved. Another, but smaller, indentation is present, situated 
above the processus brevis of the malleus; this is formed by the 
squamosa of the temporal bone, and is designated the "Incisura 
Rivini." It varies as to size and form, averaging, however, 
about 2 mm. 
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The handle of the malleus passes as a gray streak from a posi- 
tion near the upper circumference of the membrana tympani to 
a Uttle beyond its center, the processus brevis projecting near its 
upper end as a small white protuberance. See Fig. 4, Plate III. 
The neck of the malleus passes upwards and becomes invisible 
from the meatal orifice, its inclination being away from the 
internal surface of the drum. At its visible portion, the malleus 
handle inclines inward at about an angle of 30° in such a way 
that owing to its attachment to the internal surface of the drum, 
it draws the membrana tympani inward towards the tympanic 
cavity. This gives the drum somewhat the appearance of a 

flat cone; the malleus tip — 
the umbo — forming the apex 
and the margin of the drum 
the base of the cone. 

For practical purposes, an- 
atomist s , physiologists, and 
otologists have divided the 
membrana tympani into two 
parts, the pars tensa and the 
pars flaccida or Shrapnell's 
membrane. The pars flaccida, 
or Shrapnell's membrane, 
corresponds to a small con- 
centric-shaped field situated 
between the processus brevis and the Incisura Rivini; the pars 
tensa comprises the entire remainder of the drum surface. 
This division is justified upon clinical, physiological, and ana- 
tomical grounds. (Fig. 5.) 

From time to time there have been proposed other divisions 
of the membrana tympani, but in addition to the division cited 
above, the plan which divides the drum into four radiating fields 
or quadrants is most practical. 

Imagine a line drawn as the prolongation of the malleus 
handle, extend it to the drum of the periphery and we have 
divided the membrana tympani into an anterior and a posterior 
half. Imagine a second line drawn across the drum surface so as 
to bisect the first line perpendicularly at the level of the umbo 




Fia. 5.— The Quadrants of the Mem- 
brana Tympani. 



26 THE SURGERY OF THE EAR 

and the membrana tympani is divided into four fields^ or into 
an anterior superior, an anterior inferior, a posterior superior 
and a posterior inferior quadrant. The quadrants thus obtained 
are not of equal size, because the umbo lying somewhat in 
front and below the center of the membrana tympani, makes the 
anterior portion of the drum naturally smaller than the posterior, 
and the upper portion larger than the lower; the smallest quad- 
rant is the anterior inferior and the largest the posterior-superior. 

This division of the drum into four quadrants has not been 
made arbitrarily, as the quadrants have clinical significance in 
so far as different prognostic data obtain from perforations 
located in these different quadrants. For example, other things 
being equal — the prognosis is best when a perforation is located 
in the postero-inferior quadrant, ai^d the prognosis becomes 
progressively worse when the perforations are located in the 
antero-inferior, the posterior superior and the anteronsuperior 
quadrants respectively, the outlook from the standpoint of 
prognosis being worse in the order above enumerated. Finally, 
it is to be noted that Shrapncll's membrane — pars flaccida — 
slants at a somewhat different angle than the rest of the drum, 
and consequently appears differentiated from the remainder of 
the drum. Its lower outlines are formed by one or two flat folds, 
designated the anterior and the posterior boundary colunms. 

Preparation of the Patient : Before paracentesis is under- 
taken, the external auditory canal should be thoroughly cleansed. 
This cleansing must be performed gently because of the sensitive 
nature of the inflamed parts. The patients have usually been 
suffering from severe pain for some time and all unnecessary 
manipulation is naturally resented. 

We have found it effective to fill the canal with a solution of 
Pyrozone; the patient meanwhile holds his head toward the 
opposite side, and permits the cleansing solution to remain in 
the external auditory meatus for about two minutes. Carefully 
removing this, we follow it by an alcoholic solutipn of bichloride 
of mercury. Careful drying of the canal follows, and we are 
ready for the operation. The concha and the neighboring skin 
have in the meanwhile been carefully cleansed with green soap, 
alcohol, and bichloride of mercury. 
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Schwartze recommends not only an attempt at thorough dis- 
infection of the external auditory canal and its surroundings, 
but also a careful cleansing of the naso-pharyngeal spaces. That 
these measures are important cannot be denied, and while we do 
not believe that it is possible to render the nasopharynx and the 
external auditory canal sterile, still these precautionary measures 
should be undertaken as a routine measure, our aim being to get 
as near asepsis as conditions permit. 

The Anaesthetic : Combinations of various drugs with cocaine 
have from time to time been advocated as a local ansesthetic, 
but personal experience has found them usually ineffectual. 

We do not use the combination of phenol, menthol, and co- 
caine, extensively employed by many aural surgeons, because 
the phenol so acts upon the delicate tissue of the drum, 
that it destroys the clinical picture, and after paracentesis is 
performed, on the succeeding days after the operation, we find 
ourselves confronted with a discoloration of both the membrana 
tympani and the canal due to the caustic action of this drug. 
Our judgment of the progress of the pathological process is thus 
interfered with, and in some cases I have observed a myringitis 
produced from the action of the phenol, where none existed pre- 
viously. Filially, in a certain number of cases, the combination 
of phenol, menthol, and cocaine afforded no relief to the pain 
from the incision. Its employment, like that of the alcohol, 
the cocaine, and the aniline oil of European surgeons, may 
perhaps find its best explanation in the *' suggestive" effect it 
has upon the patient. 

Local anaesthesia administered as suggested for the perform- 
ance of ossiculectomy (Chapter V), may find advantageous 
employment before paracentesis. Here a solution of cocaine 
(1 per cent.) in adrenaline (1 :1000) is injected into the external 
auditory canal; this usually effectively anffisthetizes the mem- 
brana tympani. 

When we impress upon patients the fact that the actual pam 
from the incised wound is slight indeed when compared to the 
suffering they have already undergone, or are undergoing, we 
find that usually it is possible to perform this procedure without 
any local ansBsthetic at all. In nervous patients, in women, and 
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especially in children^ the best ansesthetic for paracentesis i? 
nitrous oxide gas, although ethyl bromide has also found favor. 

Where local anaesthetics are employed, or where all anoBthet- 
ics are dispensed with, the upright posture should be maintained 
by the patient, with the head fixed by an assistant. Greneral 
anaB.sth(^sia presupposes the reclining or recumbent posture. 

The Instruments : The paracentesis knife should be of razor 
sharpness, terminatmg at a fine point. It may be either lance- 
shaped or slightly curved like a small bistoury. Personally we 
have employed the lance-shaped parac(*ntesis knife as designed 
by Lucae, with the bayonet handle. The advantage of this 
handle lies in the fact that it permits the operating hand full 
play, without obstructing the visual fi(»ld of the operation, and 
the eye is enabk^d to control the tip of the knife during the 
entire maneuver. 

The Incision : In cases which have not perforated, and which 
present a bulging drum, tlie site of election for the incisicm is 
the postcTior inferior quadrant, carrj'ing the cut as near the 
peripheral margin of the drum as it can conveniently be placed. 
This place Ls selected for the incision because it affords the best 
method of drainage for the tympanic cavity, opening it at its 
lowest accessible part. (See Fig. 6. Plate III.) . 

In making the incision the anatomical position of the drum 
should be borne in mind. The tip of the knife is introduced at 
a point closi* to the annulus tympanicus, and is carried doira- 
ward from this point toward the* front below, the blade sinking 
deeper as we descend on the drum so that the drum is not missed 
in its lower parts, a technical error likely to happen because of 
the angle of inclination of the drum. 

In cas(»s where the drum bulges in any of the other quadrants, 
the incision is then placed, not at the point of selection, but at 
the spot which pres<»nts the most mark(»d bulging. Should the 
bulging be most marked at Shrapnell's membrane, either ante- 
riorly or posteriorly, then the paracentesis is so placed in the 
region affected, that the incision is made parallel to the long 
axis of the bulging part. 

The incision made at the point of selection is usually a curved 
one, it severs the radiating fibcTs of the drum, thus causing the 
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wound made in the drum to gap. This is accounted for by a 
loss of elasticity in the fibers composing the drum membrane, 
and is based on an observation of HelmhoUz (10) that elasticity 
is lost when one set of drmn fibers is severed. The original 
observation was made while incising the circular fibers, but 
Heine after many years' observation, finds that gaping likewise 
results when the radiating fibers are cut, as happens when the 
incision is made as described above. 

Gruber (11) begins the incision 1 to IJ mm. from the drum 
margin, and curves the incision so as to parallel the canal wall. 
Necessarily, the incision must depend upon the circumstances 
presented by the case; thus in certain cases the V-shaped 
incision advocated by Haug (12) is employed. It has been 
found to be especially useful in cases where spontaneous perfora- 
tion has left an irregular opening which inadequately provides 
proper drainage. Occasionally the spontaneous perforation will 
be found so irregular that to secure adequate drainage, the 
entire mass will require removal. In these cases, the protruding 
mass springs forward into the auditory canal, and from its tip, 
through the irregular opening, the purulent exudate is observed 
coming away under considerable pressure. (Fig. 7. Plate III.) 

The removal of such protrusions of the membrana tympani 
is best accomplished by biting off the mass with a Hartman's 
forceps. The perforations in a suppurating middle ear, which 
manifest a tendency to close, must be reopened, and it occa- 
sionally happens that repeated paracentesis is necessary. 

In performing paracentesis, the knife should not be brought 
into contact with the external auditory canal wall, either before 
or after the knife has cut the drum. It is a technical error to 
bring the edge of the knife which has just been plunged into a 
suppurating cavity (tympanic cavity) against the canal wall 
and perhaps cause excoriation of the skin lining the canal. I 
have seen a diffuse external otitis supervene from a local infec- 
tion thus started. In making the paracentesis incision, care 
should be exercised that the knife is not introduced so deeply 
into the tjrmpanic cavity that its point impinges on the internal 
(median) tympanic wall. This technical error results in an 
increase in the amount of pain not only at the time of the 
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procedure, but the pain lasts very much longer after the opera- 
tion. 

Dangers of Paracentesis: The performance of paracentesis 
presents some dangers, which, however, with care, are generally 
avoidable. 

The incubo-stapedius articulation may receive injury from 
the edge of the knife when the incision is made in the posterior 
superior quadrant, because of local bulging in this region. The 
little joint may be dislocated, the arms of the stapes fractured, 
or the entire bone may be torn from its articulation at the oval 
window. I saw a case of the last-named accident four years 
ago when the paracentesis was followed in about a week by a 
labyrinthitis and a fatal meningitis; the paracentesis had 
been performed by the family ph3rsician before the case was 
brought to the hospital. 

WTien making the incision in the posterior-superior quadrant, 
the knife should be partially withdrawn as soon as it is felt to 
impinge against a hard resisting substance. As we withdraw 
the knife, we feel it slip over the obstacle, and then we continue 
our incision to the desired extent. The knife must always be 
held very hghtly; a knife properly constructed, if sufficiently 
sharp, will make the incision by its weight alone, if held lightly. 
Employment of force is to be deprecated. The chorda tjiii- 
pani is occasionally severed by the paracentesis incision, and 
derangements of the sense of taste on the affected side follows. 
This accident, while annoying, is not of very serious import. 

The possibility of injury to the jugular bulb is a danger to be 
remembered when operating upon childR^n. In these young 
patients, it is found that the floor of the tjTnpanic ca\'ity very 
often arches, to some extent into the tympanic cavity. The 
floor of the cavity, covering the jugular bulb, is always thin, 
and often shows dehiscences, and the knife may either easily 
bri^ak the bony partition, or penetrate it, thereby injuring the* 
jugular bulb. Korner (14) cites five cases where such an acci- 
d(*nt happened. 

Among the same class of patients, namely children, there 
ext^ts a possibility of injuring the carotid artery. This danger 
is presc»nt when the local manifestations indicate that the para- 
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centefids should be made in the anterior inferior quadrant. This 
quadrant lies deepest from the surgeon's eye, and to reach it 
the knife must be pushed inward some millimeters deeper than 
is necessary to place the incision in the posterior quadrants. 
The danger of injury to the carotid in these cases must, there- 
fore, be regarded as a potential one. Fortunately, the occasion 
is rare which demands the placing of the incision in the anterior 
inferior quadrant. 

After-treatment : Following the performance of paracentesis, 
the purulent exudate and the resulting hemorrhage should be 
permitted to flow uninterruptedly for some minutes, after which 
the external auditory canal should be thoroughly cleansed. 
The paracentesis wound requires frequent inspection to insure 
its patency, otherwise no local treatment is demanded. 

Further measures in the treatment of the middle ear inflam- 
mation are not given in this work, as the therapeutic measures 
indicated will depend upon the pathological conditions present, 
and are not properly treated in a book on the surgery of the ear. 

Suffice it to indicate such measures, as rest in bed, repeated 
douchings of the affected ear with hot solutions of bichloride of 
mercury (12000). Some authorities, on the other hand, place 
gauze drains in the external auditory canal. Oenerally, bed 
rest, abstinence from business, avoidance of tobacco and alcohol, 
and a light diet are indicated. 

After Effects : In the ordinary course of events, the 
wound in the drum heals without incident at the subsidence of 
the middle ear inflammation. The perforation persists from a 
few days to somfe weeks. As we have already said, the tend- 
ency to closure of the paracentesis wound is often so marked 
that the operation must be repeated. The drum wound after 
healing usually leaves no scar to mark its site, if the cutaneous 
layer of the drum has escaped inflammatory involvement. 
Scars on the drum are generally the result of spontaneous per- 
forations, or where the inflammatory process involved all 
the layers composing the tympanic membrane. 

It is to be noted in passing, that in tuberculous patients, the 
perforations in the drum, whether spontaneous or the result of 
paracentesis, of ten persist after the middle ear has become dry. 
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of Slow Healing Peff ontioiis : When a perf ora- 
tioQ remains open, after the middle ear has dried, the edges of 
the vound must receive attention. We endeavor to freshen the 
^dgw by gently rubbing them with a delicate sterile probe to 
t^Tidace bleeding. The occaaon^ application of a 50 per cent, 
flotation of lactic acid to the edges of the perforation wound 
tends to retard excessive granulations at the edges and to 
pvrxDote healing. The ear should not be douched after the sup- 
poration has subsided; but it is ad\isable to insert a sterile cotton 
phig in the meatus to protect the ear against the introduction 
of dust and micro-organisms. 

Value of the Operation: The profession, with few excep- 
tions, is united regarding the value of this procedure. Tlie num- 
ber of persons who have been spared mastoid involvement and 
its consequent dangers are legion. In view of this, it is sur- 
pnsing to say the least, to find Zaufcd and some of his followers 
maintaining that paracentesis is not of such great value, as they 
believe that mastoiditis is not the sequela of pus retention in the 
tympanic cavity, but of other etiological factors. These ob- 
servers include among such factors, the variety of the infection 
in a given case, its manner of development, the local anatomical 
relations and the patient's general health. Their view, as 
analyzed by Heine j is that the mastoid becomes diseased simul- 
taneously with the involvement of the tympanic cavity, and 
must eventually be subjected to operation, if the pathological 
process becomes severe. This group of observers hold that the 
performance of paracentesis — that is — the opening of one 
cavity or recess in a case where the anatomical structure demon- 
strates a multi-cellular abscess, can have no value. Hence they 
conclude that the value of paracentesis is overestimated. 

Experience has shown that in a certain nmnber of cases, 
mastoid involvement is present at the very commencement of 
the middle ear suppuration. On the other hand, we have 
observed a great many middle ear suppurations which either 
never present any signs of mastoid involvement during their 
entire course, or the symptoms of mastoiditis are present only 
at the beginning of the middle ear trouble, subsiding as soon as 
the tympanic cavity has evacuated its purulent contents. Cases 



PARACENTESIS 33 

such as the latter, cannot fail to impress upon any competent 
observer, that the contentions of Zaufal and his school are not 
in accord with the clinical facts. 

Paracentesis is, undoubtedly, of great value in emptying the 
purulent contents of a suppurating tympanic cavity; in check- 
ing the spread of suppuration toward the mastoid ; in prevent- 
ing intracranial complications, especially in childhood; in 
preventing the burrowing of pus into the neighboring parts — 
in infants, through open sutures — and in other patients along 
lines of least resistance. 

Immediate Effects to Be Expected : We expect to find a 
prompt remission of pain following paracentesis; and in cases 
exhibiting a risfe of temperature, a prompt fall of the tempera- 
ture curve to the normal. Clinically, we find the results some- 
what variable, but as a general rule, these expectations are 
realized. The exception is to be found in infancy and childhood, 
where occasionally fever will be found to persist for twenty-four 
hours after operation. Among adults, persistence in the tem- 
perature for a like period should always be viewed as suspicious 
of involvement of the mastoid cells. 
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CHAPTER m 

AURAL POLYPS 

ClassificcUion of Polyps — Site of Origin — Significance — Diag- 
nosis and Differential Diagnosis — Preparation of the Patient 
— AncBsthetic — Operation — After'treatment and Results. 

By aural polyps we mean neoplastic formations, which usually 
spring from some point of the middle ear or the external auditory 
canal. They are often pedunculated, and histologically are 
composed of soft connective tissue covered with an epithelial 
layer. These polyps are visible as more or less rounded masses 
lying in the external auditory canal. (Fig. 8. Plate III.) 

By granulations or polypoid proliferations, we mean inflam- 
matory tissue formations which spring in irregular masses from 
either the interior of the tympanic cavity and present through a 
perforation in the membrana tympani, or which emanate from 
the edges of a perforation in the membrana tympani. The 
latter type is often designated as polypoid proliferations. (Fig. 
9. Plate III.) Both polyps and polypoid proliferations occur 
in otitis media purulenta chronica. 

From being scarcely noticeable, polyps vary in size to such an 
extent that they may completely fill the tympanic cavity and 
encroach upon and even destroy the cochlea, Boke (1). They 
sometimes extend outward into the external auditory canal to 
the meatal orifice, and are visible at the concha. 

Classification : SteinbUrgge (2) classifies polyps as follows: 

1. Granulation growths of mucous or round-cell type; 

2. Fibromata; 

3. Myxomata. 

The fibromata and myxomata are of comparatively rare 
occurrence; thus Bruhl (3), examining sixty aural polyps, finds 
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the granulation type present forty-seven times, the fibromata 
eight times, and the myxomata only three times. 

Occasionally, the polyp may be of a cystic type, fluid having 
been demonstrated within the capsule; UrbarUschitsch (4) 
reports choleatomatous masses as occasionally present in the 
cystic type of aural polyps. 

Site of Origin : The root or pedicle of the aural polyp may 
spring from cutis, from mucous membrane, or from bone. 
Although rarely found in acute middle ear suppurations, 
Schwartze reports having observed polyps growing from the 
edges of a paracentesis wound in the drum. 

The point from which the polyp originates should be as 
accurately determined as possible in every case. They, usually 
arise from within the tympanic cavity, the pcdicule extending 
through the defect in the drum, and the polyp mass proper lies 
within the external auditory canal. Occasionally the point of 
origin is the upper pole of the drum, or the external auditory 
canal walls. In the latter instance, the site of origin will usually 
be found to be the canal roof, at a point where it merges into 
the posterior superior quadrant of the membrana tympani. 

The mastoid antrum. User (5), the tegmen tympani, Haxig 
(6), the dura, Toynbee (7), and the ostium of the Eustachian 
tube, VoUolini (8), are rare sites from which polyps have been 
reported to have originated. 

Significance : The occurrence of granulation tissue or aural 
polyps is always suggestive of bone necrosis. Bench (9) main- 
taining that the appearance of granulation tissue in ears, which 
have been kept thoroughly cleansed, or the recurrence of granu- 
lations after their removal, is almost pathognomonic of diseased 
bone. 

Ear polyps, or granulations, when observed in chronic middle 
ear suppurations, are significant as evidence of lack of cleanli- 
ness and care; or when recurring during the course of a chronic 
middle ear suppuration, which is under competent observation 
and is receiving proper attention, then the presence of granula- 
tions signify the advent of bone necrosis. 

The diagnosis of the presence of polyps usually presents but 
very little difficulty. The mass, upon examination, is found to 
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be hard and rounded, or papillary in outline. The employment 
of a probe demonstrates its motility. When either on account 
of nervousness or pain on the patient's part, or because of inex- 
perience in the use of the probe, this instrument is not employed, 
the Seigle otoscope will serve to demonstrate mobility in the 
masses. With the exception of a small foreign body in the ear, 
there is no lesion which will move about under the use of air 
condensation and rarefaction as a polypoid growth does. 

The employment of the ear probe is found to be preferable to 
the use of the otoscope, as it not only shows the mobility of the 
growth, but as it makes indentations on granulating masses and 
not upon true polyps, it gives the surgeon information of a differ- 
ential character, so that the therapeutics indicated may be 
applied. 

Aural polyps must be diflferentiated from marked bulgmg of 
the membrana tympani, from abscess formations and from 
exostoses in the external auditory canal. They must also be 
diflferentiated from granulations emanating from opened furun- 
cles and from carcinomata of the middle ear. 

Differential diagnosis between bulging of the drum and aural 
poljrps depends upon information elicited from the history of 
the case — absence of pain — the presence of long-standing 
otorrhoea, and the findings obtained by the use of the probe. 
Abscesses and exostoses are likewise cleared up by the use of 
the probe. In abscesses, the history of pain of short duration is 
significant of the condition. In carcinoma of the middle ear, 
the neighboring lymphatics are usually involved; this involve- 
ment of the lymphatics is invariably absent not only in polypoid 
proliferation, but also in the aural polyps. Polypoid proliferations 
and middle ear carcinomata have two symptoms in common — 
both are indented by the probe, and both readily bleed when the 
probe, roughly handled, comes into contact with their smf ace. 

Indications for Operation : Wherever polyps are demonstrable, 
they should be eradicated as completely as possible, as their 
bulk not only rapidly increases, but may become so large that 
it blocks the external auditory canal, preventing therapeutic 
access to the middle ear, and, favoring pus retention. 

We have repeatedly observed a persistent otorrhoea rapidly 
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subside after the removal of the obstructing polyp, and the appli- 
cation of rational local therapeutics. Furthermore, composed of 
loosely formed connective tissue, aural polyps easily undergo 
retrogressive changes, and the cell detritus thus found in the 
middle ear from these changes is a fruitful soil for bacteria 
propagation. The tendency to secondary infections of the tjrm- 
panic cavity and of acute exacerbations of chronic middle ear 
diseases is thus increased by the presence of aural pol)rps. 

Preparation of the Patient : The external auditory canal is 
thoroughly cleansed of all secretions, a solution of bichloride of 
mercury (12000) being used, followed by an instillation of a 
solution of cocaine (10 per cent.). The cocaine anaesthetizes all 
the mucous membrane, and permits easier instrumentation. 
Nervous women and imruly children are best operated upon 
under a general anaesthetic. Nitrous oxide gas or ethyl bro- 
mide are usually sufficient, although for those who are inex- 
perienced in aural surgery, the administration of chloroform or 
ether may be necessary, as both nitrous oxide and ethyl bromide 
anaesthesia is of brief duration, placing but a short time at the 
disposal of the surgeon. The operation is best performed with 
the patient in the erect posture; general anaesthesia makes the 
recumbent posture a necessity. 

The Operation : The patient in position, the ear anaesthetized, 
and the head fixed, we proceed' to the removal of the polyp. 
Under full illumination, a wire snare is carefully introduced into 
the external auditory canal. The wire is bent in such a manner 
that it passes over the pedunculated mass of the polyp and slips 
along the pedicle, and becomes tightened as we push the snare 
along the pedicle toward the site of its origin, which has been 
previously carefully ascertained* When the shank carrying the 
wire cannot be pushed further inward, the loop is drawn tight, 
and the mass is severed by a slight tug on the instrument. The 
wire used in making the loop should be selected so as to be as 
thin as practical without sacrificing rigidity sufficient to keep it 
in the given form after impinging upon the polypoid mass. 
Following the removal of the polyp, there usually ensues more 
or less hemorrhage which, however, is readily controlled. The 
ear is then douched with antiseptic solution. The stump left 
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now requires attention; it usually should be cauterized. This 
is best done by applying to it a pearl of chromic acid fused upon 
the end of a probe or applicator. The activity of the chromic 
acid is limited by a douche of sterilized water. 

Nitrate of silver, caustic potash sticks, copper stick have all 
been used in the treatment of aural stumps, but experience has 
shown us that the most satisfactory results are obtainable from 
the chromic acid fused on a probe. 

Where the polyps are small, or where their base is broad, or 
where the condition is such that it becomes designated as that 
of polypoid proliferations, or exuberant granulations, then 
instead of using the wire snare as described above, curettes may 
be employed to remove the masses. Occasionally, the Hartman 
forceps will be found serviceable in these conditions. 

The after-treatment, namely, the application of fused chromic 
acid crystal to the base from which the mass has been removed, 
is similar to that followed when the removal is accomplished by 
the snare. 

After-treatment : Following the removal of the polyp and 
the cauterization of its stimip, a sterile strip of narrow gauze is 
introduced into the external auditory canal and kept in situ for 
at least twenty-four hours. The condition of the stump governs 
the subsequent treatment of the case. Occasionally repeated 
applications of the chromic acid is necessary before the field is 
cleared of granulations. 

Dangers : As a rule, the removal of aural polyps and granula- 
tions presents no dangers when ordinary care is exercised. It is 
of importance to remember that no pulling force should be used 
in extracting the polyp caught in the snare. The pedicule must 
be cut by the wire as close as possible to its point of origin, and 
under no circumstances should it be pulled out, for the point of 
origin may be remote from the region attacked by the snare, 
and serious damage thus may result from the use of force. 

In granulations in the region of the fenestra ovalis, both snare 
and curette require careful and skillful handling so that the 
stapes is not dislocated, or the facial nerve injured by the 
curette. The facial nerve and the footplate of the stapes are 
here in intimate relations. 
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In polyps presenting a long pedicule, it is a safer procedure 
first to remove the redundant mass, and at later sittings, to 
remove the pedicule as far as it is accessible from the external 
auditory canal. 

In conclusion, although pol3rps are significant of underlying 
bone necrosis, it will be found that their removal permits freer 
access to the tympanic cavity, allows better drainage, and that 
many cases of persistent purulent otorrhcea speedily clear up 
and the middle ear eventually becomes entirely dry under sub- 
sequent rational local treatment. 
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CHAPTER IV 

OPERATIONS TO IMPROVE HEARING IN DRY MIDDLE EAR LESIONS 

Introductory — Exploratory Myringotomy j Indications, Technique, 
Dangers, Effects — Tenotomy of the Tensor Tympani, His- 
torical, Purposes, Technique — Division of the Anterior 
MaUeus Ligament — Division of the Posterior Fold of the 
Membrana Tympani — Division of Intratympanic Adhesions 
— Dangers of the Above Procedures-^General Conclusions. 

Introductory : For the relief of annoying tinnitus, high 
degrees of deafness, and occasional vertigo, which occur as the 
result of pathological changes due to dry chronic middle ear 
catarrh, surgical measures are employed after all other thera- 
peutic measures fail to afford relief. While in carefully 
selected cases, as a whole, benefit has followed, the results 
obtained have not been sufficiently satisfactory to warrant 
surgical treatment. Various operations have been more or less 
in vogue at different times in the past, but have fallen into dis- 
use on account of the uncertainty of their results. In passing, 
it is well to remember that the labso-inth must be demon- 
strably free of disease in all cases in which these operations are 
attempted. Local anaesthesia, administered as described in the 
chapter on ossiculectomy, is usually necessary. The prepara- 
tion of the patient is similar to that employed for ossiculectomy. 

Exploratory Myringotomy : Indications : When it becomes 
desirable to inspect the tjrmpanic cavity in order to determiiue 
the presence or absence of inflammatory adhesions, which 
inhibit the physiological play of the ossicles and membrana 
tympani: when it is desirable to locate adhesive bands whose 
presence is known; when it becomes desirable to determine 
accurately the degree of ankylosis of the ossicular joints; 
under these conditions the operation is indicated. 

The operation, as a matter of fact, is rarely called for. Adhe- 
sive bands can be deteimined with a fair degree of accuracy by 
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Other means, and ankylosis of the ossicular joints rardy donands 
inspection to substantiate its presence. 

The Operation: The patient propaiy pr^>ared and anss- 
thetiiedy sits in the upri^t position, with head fixed, and the 
operative fidd under full illumination. A Bsp is cut into the 
membrana tympani at the point of its surface which overlies 
the structures to be inspected. The niches of the round and the 
oval windows, and the incudo-stapedial articulation so often 
require inspection, that the flap is usually placed in the posterior 
segment of the drum. 

A sharp tenotomy knife is introduced throu^ the drum at the 
point where the posterior fold merges into the peripheral margin 
of the drum. The blade is directed toward the malleus, carry- 
ing the incision from the point of introduction across the drum 
toward the processus In^vis. At the malleus handle, the knife 
is turned downward, incising the drum along the posterior mal- 
leal margin to the umbo, then the knife is withdrawn. A 
triangular flap has thus been cut, which upon falling outward, 
exposes the oxsl window, the stapes and the incudo-stapedial 
articulation. Hemorrhage is controlled by apfdying {dedgets of 
cotton moistened with adrenaline solution (IdOOO). Occa- 
sionally the triangular flap is insufficient for free inflection, and 
then it becomes necessary to modify the fwocedure. The knife 
is again introduced at the original starting point of the first 
incision, and b carried downward along the postmor drum 
margin, incising the membrana tympani. parallel with the 
annulus tympanious. for a sufficient distance to acccxnidish the 
dexarvd iosixHrtion. The lengthening of the incision downward 
brings the round window into the expc^xl field. 

The caulioiis use of the probe, carefully introduced behind the 
malleus, detenuinos the fHrvsence or absence of adhesive bands. 
The motility of the stapes may likewise be ascertained. Some- 
times the entirv stapes is hid in a fold of mucous nKmhrane, in 
which event, the enveloping membrane must be cut open to 
bring this otS5?iole into \iow. 

DvDgers : The knife should never bo intro*.iuced to such a 
d-:pih that its point impinges iiwn the lab\Tinihine tympanic 
wall, because in addition to injiuing the hnm^ mucosa, it renders 
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the incision more painful and may disarticulate the stapes or 
rupture its annular ligament. When the incision is placed too 
high, the chorda tympani is often cut; this also occurs when 
the nerve runs lower than normal , extending below the free 
margin of the posterior fold. Disturbances of the sense of taste 
on the aflfected side follow. 

After-treatment : When the purposes of the exploration has 
been accomplished, the flap is carefully replaced into position, 
and according to a recommendation from Dench, is held in place 
by small pieces of thin paper, which previously sterilized, are 
carried into position and placed so that they stick on the drum, 
overlying the line of incision. The canal is lightly packed with 
sterilized gauze, which is removed after twenty-four hours. 
Insufflations of aristol or boracic acid constitute the further 
after-treatment. 

The line of incision is usually found healed in a few days. 

Tenotomy of the Tensor Tympani : Historical : This pro- 
cedure was first proposed by Hyrtl (1), who held the operation 
indicated when long-continued spasm of the tensor tympani 
was present. TroUsch (2) published indications for this opera- 
tion upon anatomical and pathological grounds, and many 
modes of procedure were worked out upon the cadaver. It 
was not until the pubhcations of Weber-Liel (3) appeared in 
1868, 'that tenotomy of the tensor tympani became an accepted 
procedure in otological surgery. Following this lead, Gruber (4), 
Frank (6), UrbarUschitsch (6), and others, reported cases upon 
which they had successfully operated. 

Purposes of the Operation : As advocated by Weber-Liel, the 
operation is performed for the reUef of a contraction of the tensor 
tympani muscle. The spasm of the muscle brings in its train a 
retracted drum, drawing the malleus handle at an abnormal 
angle toward the promontory, at times so much so as actually to 
bring it into contact with the labyrinthine tympanic wall. 

From such a condition there results a loss of physiological play 
in the ossicular chain with consequent loss of sound conduction. 
Unfortimately for the successful outcome of the operation, the 
spastic retraction of the lower tendon is usually accompanied by 
other pathological changes within the tjrmpanic cavity, and 
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therefore the reUef which the operation affords is counteracted 
by the other pathological lesions usually present, such as adhe- 
sive bands, ankylosis of the ossicular joints, etc. When the 
tensor tendon is severed early in the course of the disease, before 
adhesive bands have formed, or before ankylosis has developed, 
better results are obtained from the operation; but as other 
therapeutical measures are usually, and quite properly, admin- 
istered for a long time before the patient submits to tenotomy, 
the development of pathological adhesions has already taken 
place. Meanwhile, the inactivity of the ossicles tends to anky- 
losis of their articulations, even if no constitutional causes add 
contributing factors. 

Operative Technique : The patient prepared and ansesthetized 
with local anaesthetic (see ossiculectomy chapter) ; head firmly 
fixed, and with the field of operation in full illumination, the 
operation begins. For the anatomical relations see Fig. 10. 

The tendon of the tensor tympani is accessible either from in 
front, or from behind, the malleus handle. It is optional with 
the surgeon to make his incision from below upward or from 
above downward, in either route of approach. The conforma- 
tion present in the given case usually governs the selection of 
the technique employed. The incision is made with a tenotome, 
the one designed by Hartman being recommended. 

From in Front, Cutting Downward : The tenotome is intro- 
duced into the tympanic cavity through an incision made in the 
drum, a little in front of the processus brevis. The knife is 
brought downward until it is felt to impinge upon the tensor 
tendon. The exertion of a slight degree of pressure severs the 
tendon. The knife is then carefully withdrawn. 

From Behind, Cutting Downward : The tympanic cavity is 
entered by a tenotome through the drum, immediately behind 
the processus brevis of the malleus handle, the blade being kept 
in close proximity to the manubrium mallei. Gradually bring- 
ing it down, it is felt to impinge upon the tendon, which is sev- 
ered with the exertion of slight pressure. The knife is then 
withdrawn. 

From Behind, Cutting Upward : Selecting a point just pos- 
terior to and a few lines below the processus brevis, the blade 
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is introduced and kept closely applied to the back of the manu- 
brium mallei. The blade is slightly rotated until it makes con- 
tact with the tendon, when with a sUght exertion it is cut. The 
knife is then withdrawn. 

From in Front, Cutting Upward : The knife blade is intro- 
duced through an incision anterior to, and a little below the 
processus brevis. Hugging the surface of the manubrium 
mallei, the tendon is cut by rotating the knife blade upward. 

In all these procedures,, the sensation imparted by the knife 
when it comes into contact with the tendon of the tensor must 
be recognized by the surgeon. A characteristic cUck is both 
felt and heard as the tensor is cut through. 

Occasionally, tenotomy of the tensor tjrmpani is called for in 
cases already presenting a perforation. This so far modifies the 
procedure that the knife is introduced through the existing per- 
foration, severing the tendon by rotating the blade in the direc- 
tion required to reach the tensor with its cutting edge. 

In discussing the purposes of the operation, we commented 
on the results of the procedure. 

Division of the Anterior Malleus Ligament : This operation 
is rarely indicated, and when performed, is usually unsuccessful. 
It is called for in cases presenting marked retraction of the drum, 
with a high degree of deafness. The object of the operation is 
to permit the drum to assume its normal position. After 
ansesthetization, the membrana tympani is incised with a short 
curved tenotome, just anterior to the processus brevis, carrying 
the incision through the anterior fold upward and outward 
toward the margin of the membrana tjrmpani. As the knife is 
pressed through the anterior fold, it severs the anterior ligament 
of the malleus. The after-treatment consists of repeated insuf- 
flations of aristol or other antiseptic powder. 

Division of the Postetior Fold of the Membrana Tympani : In 
cases presenting a high degree of deafness, accompanied by 
intense tinnitus, where the drum presents a marked retraction 
with the manubrium mallei foreshortened, and where the posterior 
tympanic fold is stretched across the upper posterior portion of 
the drum as a markedly distinct prominence, in these cases the 
incision into and through the posterior fold is indicated to relieve 
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tension, and to permit the return of the drum to its normal 
position. As the retraction is usually not due to tension of this 
fold alone, the operation rarely offers more than temporary 
relief. The knife is introduced at a point just posterior to the 
processus brevis, and the incision is made by carrying the knife 
obliquely upward through the tense posterior fold. The after 
treatment consists in aristol insufflations. 

Division of Intratjrmpanic Adhesions : The presence of intra- 
tympanic adhesions not only tends to render the ossicular chain 
immobile, but they often assist in retaining the membrana tyni- 
pani in a retracted position, acting with the tensor tendon to 
nullify the drum's elasticity, and to impede functional activity. 
These bands are usually the result of middle ear suppuration 
which finally becomes dry; or they are the sequelae of inflamma- 
tory processes around the footplate of the stapes. The presence 
of these bands calls either for their removal, or their division, to 
free the ossicles and the drum from the restricting attachments. 
Necessarily, the technique in the given ease is dependent upon the 
pathological factors present. Dench divides these adhesions into 
two classes: those about the stapes and those spanning the tym- 
panic cavity between the various ossicles and the tympanic walls. 

Furthermore, these adhesive bands may be classified in groups 
as follows: (A) Where they involve various sections of the 
sound conducting apparatus (usually the non-suppurating 
cases); (B) Where a large perforation exists whose margins 
are involved in the adhesive processes; (C) Where only a rem- 
nant of Shrapnell's membrane is present, or where only the pos- 
terior superior quadrant of the drum remains, whose edges are 
thickened and take part in the adhesive band formations, which 
usually involve the ossicular chain. 

In the cases wherein the adhesions involve the conduction 
apparatus, the membrana tympani is generally found intact. 
Close inspection demonstrates the location of the bands. 

The incision is made through the drum so as to render the 
bands accessible to the knife. No hard and fast rule of pro- 
cedure is possible. Following the incision into the drum, a 
tenotome is mtroduced and the adhesive bands severed. Anti- 
septic powders are insufflated to complete the procedure. 
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In cases involving the stapes head, the tendon of the stapedius 
is sought for, recognized and cut. The severed end is 
grasped in a small mouse-toothed forceps and used as a guide to 
the head of the stapes. Adhesions running laterally pull the 
stapes to one side out of the visual field. The tenotome is car- 
ried posteriorly close to the tympanic ring, and these bands are 
cut, incising from above downward. 

Short incisions arranged in a radiating zone are advocated by 
Bench. We have not always found this easily accomplished. 
The adhesions anterior to the head of the stapes are not cut. 
The parts retract, freeing the stapes. Insufflations of anti- 
septic powder complete the technique. 

Where a large perforation is present, whose margins are part 
of the adhesive process, we separate the adhesions of the per- 
foration edge from its attachments with a small bent knife. 
The malleus tip is freed and the handle loosened. 

The procedure differs according to the location of the bands. 
If adhesion is noted at one particular point, a circular incision 
may be made around it and the entire fibrous mass of tissue 
removed. 

In the cases where portions of the drum remain (ShrapnelFs 
membrane, with thickened, dense fibrous edges continuous with 
the adhesive bands), it usually sufiices to incise the thickened 
edge with a tenotome, carrying the incision into the membrana 
tympani at right angles to its edge for a distance sufiicient to 
reUeve tension. 

Dangers of these Procedtures : During the performance of 
the operations detailed above, there is danger of injuring the 
labjnrinthine windows with the tenotome. No unnecessary force 
must be applied during instrumentation. Knives should be suf- 
ficiently sharp to sever bands of dense fibrous tissue without 
resort to force; neither should the lining mucosa of the posterior 
tympanic wall be impinged upon by the point of the knife 
unnecessarily. If this happens, it renders the procedure more 
painful and increases the amount of hemorrhage. Injury to the 
labyrinthine windows may entail unpleasant sequelae. 

Conclusions : In conclusion, personal experience teaches us 
that these procedures, when carried out singly, rarely produce 
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the desired effects. We do not recommend them, but prefer 
the performance of ossiculectomy in those cases • of severe 
tinnitus, with high degree of deafness and the presence of con- 
straining bands. Ossiculectomy removes not only useless ossi- 
cles, but permits the freeing of the stapes from retaining adhe- 
sions, and allows transmission of sound waves direct to the 
labyrinthine capsule. This procedure is preferable to the reten- 
tion of a drum partially or wholly cicatrized and ossicles more 
or less ankylosed. 

We have purposely omitted a description of the operation for 
the removal of the stapes — ^stapedectomy. We hold the re- 
moval of this ossicle to be unjustified, and always dangerous. 
Upon its removal severe symptoms supervene ahnost imme- 
diately, viz., distressing vomiting and dizziness, besides the 
potential danger of labyrinthine infection and the subsequent 
development of intracranial complications. Considering these 
sequelae in the light of the universally unsatisfactory results 
obtained in our efforts to improve hearing, we are of the opinion 
that the operation of stapedectomy is unsafe and dangerous 
and should never be attempted. 
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CHAPTER V 

OSSICULECTOMY 

Historical — Anatomical — {The Internal Drum Surface; The 
Tympanic Cavity; The Aditus ad Antrum; The Ossicular 
Chain) — Indications for the Operation — Advantages of the 
Operation — Preparation of the Patient — Administration of 
Local Ancesthetic — Operation — After-treatment — Dangers of 
the Operation — Value of Ossiculectomy. 

The operation of removing the malleus and the incus together 
with such portions of the membrana tjrmpani and the lateral 
aditus wall is erroneously designated ossiculectomy. In reality, 
it is a modified Stacke operation performed through the external 
auditory canal. The operation finds emplojrment not only as a 
means whereby chronic purulent conditions of the middle ear 
are cured, but also as a measure which, in judiciously selected 
cases, improves the hearing where the so-called dry catarrhs 
and otosclerotic lesions have been diagnosed. Finally, in cases 
where inflammatory adhesions become organized and result in 
permanent adhesions, and thus render the ossicular chain use- 
less, the operation has been found of benefit. 

Historical : The earliest authentic record of the performance 
of this procedure is that of Himly and Cooper, 1800-04, both of 
whom attempted to improve hearing by the operation, limiting 
themselves, however, to a partial excision of the membrana 
tjrmpani. In 1841 Fabrizi used a similar procedure. Because 
of the transient nature of the improvement obtained, the opera- 
tion soon fell into disuse, but was revived in 1863 by Gruber (1), 
who included among the benefits derived from it, the relief of 
tinnitus aurium. Wreden (2) designated the procedure "sphy- 
rotomy," and in performing the operation, removed the malleus 
handle in addition to excising portions of the drum. His efforts 
were directed toward maintaining a permanent opening in the 
membrana tjrmpani. 

49 
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Schwartze (3) observing that where nature spontaneously 
evicted one or more of the ossicles in cases of chronic suppura- 
tion hearing remained good, conceived the idea of removing the 
drum and the malleus, not only in an effort to improve hearmg, 
but also to benefit the suppurating ear. The credit of having 
been the first to establish ossiculectomy upon the fundamental 
basis upon which it rests to-day, belongs to Schwartze, 1873. 

Kesael (4), in 1878, advanced a step further in the procedure, 
when he advocated the removal of the posterior part of the drum, 
and the resection of a portion of the sulcus tympanicus. He also 
attempted extraction of the stapes, but in the latter procedure, 
not only were untoward symptoms the result, but the expected 
improvement in hearing failed to be realized and the procedure 
was abandoned. From 1879, the surgery of the ossicles became 
general; Lucae (5), Sexton (6), Stacke (7) published records of 
cases operated upon. In 1890, Ludvng (8) demonstrated that a 
large percentage of chronic ear suppurations were due to necrotic 
conditions of the incus, and he therefore recommended that this 
ossicle as well as the malleus should be removed in suppurating 
cases. To this suggestion, Stacke added the removal of the 
external (lateral) aditus wall. 

From this time ossiculectomy took its place in otological 
surgery and began to have universal acceptance {Dench (9), 
Richardson (10), Grimert (11), Luc (12), Lvdvng (8), Burnett 
(13), and others. 

We owe it to the suggestion of Gomperz (14), that local 
anaesthesia is employed in ossiculectomy. He first recommended 
the ansesthetization of the parts by injecting the walls of the 
external auditory canal, a method which has recently been suc- 
cessfully perfected by Neumann (15). 

Anatomical : In sketching briefly the anatomy of the region 
affected by the operative procedures in ossiculectomy, we are 
not describing the anatomy of the drum and tympanic cavity 
in full, but we are rather emphasizing the points whose relations 
are of importance, not only for the correct performance of the 
operation, but also for the avoidance of the dangers which acci- 
dental injury to the important anatomical structures would 
entail. 
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The Internal Drum Surface : The internal drum surface, 
that is, that surface which is turned toward the tympanic 
cavity, is covered with mucous membrane. Its configuration 
is similar to that described in the anatomical notes on para- 
centesis for the configuration of the outer drum surface. The 
malleus handle, however, projects more sharply on the tympanic 
side, its chief bulk being on this side of the drum. (Fig. 11.) 
The upper marginal zone is hidden by the malleus and the 
incus and by two narrow mucous folds which pSLSs horizontally. 
These folds, designated the plicae malleolaris anterior and pos- 
terior (by many called the folds of TroUsch) present themselves 
as prominences in the tympanic cavity, one of which is situated 
in the anterior superior and the other in the posterior superior 
quadrants respectively. They are attached to the upper por- 
tion of the malleus handle, from which they arch upward ante- 
riorly and posteriorly respectively, in the free plane of the 
internal drum surface, being inserted near the bony margin of 
the membrana tympani. The anterior fold is lost on the mal- 
leus handle at the level of the tensor tendon, while the posterior 
fold reaches a somewhat lower point. 

The free margin of the folds is directed downward, and be- 
tween the arched membranous folds are two pockets designated 
the recessus membrana tympani anterior and the rccessus 
membrana tympani posterior. The chorda tympani passes 
across the inner surface of the posterior recess; in the new- 
bom in addition the long process of the malleus also passes 
in the posterior pocket. Occasionally the posterior recess 
communicates with the recessus membrana tympani superior 
(Prussak's Space) at its anterior end, that is, at a point very 
close to the handle of the malleus. The chorda tympani 
passes in front of the anterior tympanic recess (posterior 
pocket) at its posterior portion, and finally after crossing the 
tympanic cavity from its outer to its inner wall, enters the 
canalis Fallopii by a special channel, near the posterior superior 
margin of the tympanic ridge (Bardeleben). Occasionally the 
chorda tympani is found isolated, running below the free margin 
of the posterior fold, passing from the tympanic margin to the 
malleus handle, or running along the malleo-incudal articulation. 
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Qf ten a few thick or several thin cords of dense fibrous tiae 
^j^ observed extending through the posterior recess. 

At a pomt above the processus brevis, the malleus ham 
incli^^ away from the internal drum surface, a series of muco 
meitibrane folds formmg a loose connection between them, ai 
incidentally a number of hollow spaces. These reduplicatio 
of the mucous membrane on the internal surface of the dni 
cover the membrana flaccida in a way similar to that in whii 
the TrifUsch folds are arranged upon the upper internal surfa 
of the pars tcnsa. To judge by the differing accounts given 
these folds by Prussak, Kretchmann, Polilzer and Siebenman 
they vary considerably both as to extent and configuratio 
The drum forms the outer (lateral) wall of the t3rmpanic cavit 

The Tympanic CJavity : The tympanic cavity is described \ 
a flattened cylinder; to facilitate description, we speak of i 
outer (lateral) wall, its inner (mesial) wall, its anterior and i 
posterior walls, besides a roof (upper wall) and a floor (low 
wall). (Fig. 11.) 

In detail, we find that the outer (lateral) wall separates tl 
tympanic cavity from the external auditory canal. This wa 
consists of the membrana tympani and its' bony frameworl 
The inner (mesial) wall, often designated the labyrinthine wal 
separates the tjrmpanic cavity or middle from the internal ea 
The anterior wall is made up largely from the ostium of th 
Eustachian tube. The posterior wall separates the tympani 
cavity from the mastoid process. 

Lying above the tympanic cavity is a space opening into th 
antrum mastoideum, to which Bezold, TrdUsch and Siebenman 
have given the name aditus ad antrum. An actual bony wa 
bounds the tympanic cavity above only in its anterior par 
the posterior part being really an open space filled in by tb 
malleus and the incus. This space, the recessus epitympanici 
(aditus ad antrum) is marked at its upper boundary on th 
drum, by the instTtion of the axis ligament of the malleus. II 
boundary on the labyrinthine wall is marked by the fibrous an 
mucous bands which span the space horizontally, and whic 
run to the tendon of the teasor tympani, while at a more pa 
terior point, the horizontal semicircular canal and the facii 



OSSICULECTOMY 63 

crest mark the boundary line between the aditus and the tjrm- 
panic cavity. 

The tympanic cavity is spanned by the tendon of the tensor 
t3rmpani muscle, and the ossicular chain, although the greater 
part of the bulk of the incus and the malleus lies in the aditus 
ad antrum. (Fig. 11, G, F.) 

Let us take up the walls of the tjrmpanic cavity in order, so 
as to describe their surgical-anatomical details: 

The lateral (outer) wall, sometimes known as the paries mem- 
branacse, is made up of the drum and its osseous frame. (Fig. 
11, B.) That portion of the upper drum margin formed by the 
squamosa is considered as belonging to the lateral wall of the 
aditus. It is, however, continuous with the lateral wall of 
the tjrmpanic cavity. 

We have already described the membrana tjrmpani in the 
chapter on paracentesis, to which the reader is referred. 

The anterior tjrmpanic wall (paries corotica), is in evidence 
only at the lower half of the tjrmpanic cavity, presenting itself 
as a narrow wall about 4 mm. in height. Often this narrow strip 
of bone contains a few pneumatic cells arranged in a radiating 
zone. The upper half of the anterior wall presents the ostium 
tympanicum tubse, and is about 4.5 mm. high. The floor 
of the Eustachian tube meets the anterior tympanic wall at an 
angle of about 90°. Small canaUcuU often are present at the 
anterior wall, and occasionally dehiscences are observed, uncov- 
ering small areas of the carotid artery. 

The tjrmpanic floor (paries jugularis) merges gradually into 
both anterior and posterior tjrmpanic walls. Kretschmann has 
designated this region as the recessus hypotjrmpanicus. (Fig. 
11, P.) The tjrmpanic floor separates the tjrmpanic cavity 
from the jugular bulb; it is often pneumatic and presents ridges 
extending from its outer to its inner sides. Occasionally, there 
are dehiscences in the tjrmpanic floor; these bring the jugular 
bulb into direct contact with the mucous membrane lining the 
middle ear. 

The posterior tjrmpanic wall (paries mastoidea) rises from the 
floor of the tjrmpanic cavity in a slight curve like a bow, pre- 
senting at its upper limit a small series of pneumatic cells desig- 
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nated by Schwdlbe (16) the sinus posterior. Limited below by a 
square ledge of bone, it merges toward the median line into a 
pyramidal eminence from whose lateral end a small bony canal 
is found running toward the facial canal. Deep on the posterior 
tympanic wall, the facial canal runs its course behind the 
emincntia stapedii. 

The mesial tympanic wall (paries lab3rrinthica), separates the 
tympanic cavity from the internal ear, and joins the middle 
and the internal ear through the labyrinthine windows. 

The middle of the mesial wall presents a somewhat roimd 
protuberance — the promontory. (Fig. 11, D.) This is a flat, 
hard, bulging bone, about 8 mm. in width and 6 mm. in height, 
formed by the basal turn of the cochlea. Toward the t3rmpanic 
cavity it presents a smooth surface ; anteriorly the promontory 
merges into the wall of the Eustachian tube. At a lower level 
anteriorly, the promontory is lost in the tympanic floor. Pos- 
teriorly, below the fenestra rotunda, and posteriorly above, the 
fenestra ovaUs are situated. 

The upper tjrmpanic wall (roof) is the tegmen tympani (paries 
tegmentalis) which separates the tympanic cavity from the 
middle cranial fossa. It is slanting in direction, and runs from 
below, anteriorly, upward posteriorly. It presents the petro- 
squamous suture. 

The tegmen tympani is often formed of a very thin plate of 
bone, having numerous low, small-sized pneumatic cells. Very 
often dehiscences in its structure arc found, in which event 
the dura is in direct contact with the mucosa of the pneumatic 
cells, or with the lining mucous membrane of the t3rmpanic 
cavity. 

Aditus ad Antrum : While the aditus becomes of more im- 
portance when discussing the surgical anatomy of the middle 
ear and the mastoid, we believe that here a brief description of 
this anatomical structure is in order, since the greater bulk of 
the ossicular chain Ues in this space. 

The aditus ad antrum (attic, epitympanic space) is shaped 
somewhat like a triangular prism, one of whose sides is directed 
outward and upward, the second, directly upward, and whose 
third side faces the mesial line of the head. It is, therefore, 
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possible to differentiate between an upper mesial, an upper 
lateral, and an inferior longitudinal edge. 

An extension of the axig of the Eustachian tube outward and 
upward through the tympanic cavity, in a slight curve so as to 
arch it, with its convexity upward, gives the longitudinal axis 
of the prismnshaped aditus. The aditus seems to be the continu- 
ation of the tubal axis toward the antrum mastoideum. The 
aditus ad antrum is bounded anteriorly by the tensor tendon 
together with a spur of bone (crista transversa), which is seen 
situated just above the tensor tendon, and which extends trans- 
versely below the tegmen. A further boundary is furnished 
anteriorly by a series of mucous folds, variable in form and 
extent, which serve to connect the tensor and the so-called 
crista transversa. 

Posteriorly the aditus merges gradually and without differ- 
entiation into the antrum mastoideum. For purposes of descrip- 
tion, an imaginary boundary is constructed by placing a plane 
perpendicularly to the longitudinal axis of the aditus, which 
runs through the posterior and short process of the incus. 

The roof of the aditus — the tegmen — presents a dural pro- 
cess which extends to the tympanic cavity. This process of 
dura is vascular in nature and is situated rather laterally, or to 
the outer superior angle of the aditus, passing, in the adult, 
through the remains of the petrosquamous suture, and in chil- 
dren, through the patent suture. The suture, or its remains, 
is noted as a constant landmark on the tegmen over the aditus. 

Laterally, the outer aditus wall is formed from a bony plate 
which finds insertion between the aditus proper and the inner 
or mesial end of the osseous external auditory canal. This is a 
prolongation of the lateral (outer) wall of the antrum mastoi- 
deum, and corresponds to the upper wall of the external auditory 
meatus, as well as to the upper half of the posterior wall of the 
osseous external meatus. This plate of bone is hard and dense, 
and is designated by WaW and others as the pars ossea. 

According to Kretschmann and Siebenmann (17), that portion 
of the membrana tympani situated above the processus brevis, 
is to be. considered as part of the lateral wall of the aditus. This 
arrangement, which places that portion of the drum above 
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referred to, as part of the aditus rather than as belonging to the 
tympanic cavity, is furthermore founded upon clinical grounds. 
It is a common observation to find the membrana flaccida 
involved when the pathological process is limited to the aditus. 

The mesial or inner wall of the aditus is formed of compact 
bone, the labyrinthine capsule. Approaching the oval window 
and the region of the mastoid antrum, its surface projects into 
the cavity proper as a broad ridge. Toward the antrum many 
small pneumatic cells are present. 

The Ossicular Chain : The ossicular chain is lodged largely 
in the aditus, and partly in the tympanic cavity proper. 
The malleus, the largest of the three ossicles, is a bone consisting 
of a shaft and a head joined at an obtuse angle, which is desig- 
nated the neck. The shaft is prismatic in form, tapering grad- 
ually and terminating often at its lower end in a hook-Uke 
extremity — the umbo. A bony tubercle, the processus brevis, is 
present at the junction of the shaft and the neck. It is directed 
forward and laterally (outward). The prismatic shaft presents 
its lateral surface for attachment to the membrana tjnnpani. 
The processus gracilis, in young subjects, springs from the 
anterior surface of the shaft, from a point just below the short 
process; in adults, this process lies in the fibers of the anterior 
malleal ligament. The external surface of the shaft serves as 
an attachment for the external ligament. 

The anterior surface of the head and the adjoining neck are 
markedly grooved for the insertion of the anterior Ugament. 
Posteriorly, the head of the malleus is encroached upon by 
its saddle-shaped surface which articulates with the incus. 

The incus presents a body and two processes, the shorter or 
horizontal one really being the continuation of the body. This 
process is conical, extending toward the back of the head, and 
resting its top in a minute niche in the posterior t)rmpanic wall. 
The body of the incus, flattened from before backward, is twice 
as long in its vertical as in its transverse diameter. Its anterior 
surface articulates with the head of the malleus. The long incus 
process is a tapering shaft of bone, extending downward and 
articulating at its extremity with the stapes. 

The stapes, the ossicle lying deepest in the tympanic cavity, 



OSSICULECTOMY 57 

is stirrup-shaped, presents a head hollowed for articulation 
with the process of the incus, and below the head gives ofif two 
divergent crura, one longer and more curved (the posterior one) 
than the other. The crura terminate in an ovalnshaped plate of 
bone — the footplate — which, with its annular Ugament, closes 
the fenestra ovalis. 

The entire stapes lies in a depression — the pelvis ovalis, 
formed above by the side of the semicircular canal and the 
facial encasement, and below by the protuberance of the prom- 
ontory. The footplate takes an oblique position in the oval 
window, lying nearer to the posterior inferior walls of the fossa 
than to the anterior and superior walls. 

Often adhesions between the posterior cms of the stapes and 
the posterior tympanic wall are observed. 

The ossicles are suspended in position by the ossicular liga- 
ments, of which the anterior, the lateral (external), the pos- 
terior and the superior (suspensory ligament) are the principal 
ones. The anterior ligament arises from what Dench calls the 
spina t)rmpanica major, from the Glaserian fissure which some 
fibers traverse. The fibers converge, passing outward, up- 
ward, and backward and find insertion in the outer part of the 
neck and in the depression on the anterior part of the head of 
the malleus. 

The lateral ligament is fan-shaped, springing from the neck 
of the malleus, the fibers diverge to find insertion at the free 
margin of the inner (mesial) extremity of the upper wall of the 
bony meatus. Part of this ligament, mainly the posterior 
fibers, is known as the posterior ligament. The lateral portion 
of the lateral ligament is designated by European anatomists, 
the axis ligament, or axis band of the malleus. The superior or 
suspensory ligament is a delicate rounded band of fibrous tissue 
extending from the malleus head upward toward the tegmen. 

The incus finds attachment to the surrounding bony walls by 
a distinct fibrous band, the posterior ligament, which extends 
from the short process near its extremity to the labyrinthine 
wall. The fibers diverge to find insertion, spreading out fan- 
like, and are often designated the fan-shaped ligament of 
the incus. The footplate of the stapes is confined to the oval 
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window by the annular ligament. Finally, both incus and malleus 
are bound together by a loose capsular ligament, and another 
capsular ligament encloses the incudo-stapedial articulation. 

The stapedius muscle is inserted below the head, at the neck 
of the stapes, at the juncture of the neck and the posterior 
cms. This muscle arises from within a pyramidal-shaped 
bony excrescence on the posterior and the internal tympanic 
wall, situated in front and just below the aqueductus Fallopii. 
The muscle fibers form a tendon which, after piercing the apex 
of the pyramid, is inserted as described above. 

The tensor tympani crosses the tympanic cavity. It arises 
from the cartilaginous portion of the Eustachian tube and from 
the adjacent part of the great wing of the sphenoid, running in a 
special bony canal from which some of its fibers take origin ; it 
curves around the processus cochleariformis, after emerging 
from its canal, then crosses from the mesial tympanic wall to 
the lateral wall to be inserted into the inner and the anterior 
surface of the handle of the malleus. A few of its fibers pass for 
a considerable distance down the handle of the malleus, some 
spreading to its anterior surface. The muscle tendon takes a 
course outward, making almost a right angle when changing 
direction from the mesial to the lateral wall of the tympanic 
cavity. 

The chorda tympani emerges from the aqueductus Fallopii 
above the pyramid just described, it crosses the tympanic 
cavity from behind forward, passing between the long process 
of the incus and the handle of the malleus. It leaves the middle 
ear through the Glaserian fissure to join the lingual branch of 
the trigeminus, reaching the Glaserian fissure by the posterior 
fold of the membrana flaccida. 

Indications for the Operation : Summarizing the employment 
of ossiculectomy, we find the operation indicated in two general 
classes of cases: 

I. To secure an improvement in hearing in the dry catarrhal 
conditions; and (II) to remove necrotic ossicles and diseased 
neighboring parts, in order to promote healing by providing 
easier access to the seat of disease, and by facilitating drainage 
of the middle ear spaces. 
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I. In the dry catarrhal conditions, where hearing is greatly 
reduced and the subjective noises are intense, and where all 
other therapeutic agents have been unsuccessfully employed, 
here the operation of ossictdectomy is indicated. It is indicated 
to remove a useless membrana tympani and its ossicles, to open 
the route for the sound waves, in order that these may directly 
impinge upon the labyrinthine capsule and the labyrinthine 
windows, and thus increase the hearing faculty. 

In cases where a high degree of deafness exists, which is the 
consequence of adhesions between the sharply retracted drum 
and its malleus handle on the one hand, and the promontory on 
the other; or where extensive rigid calcifications of the drum 
are evident; or where, accompanying severe deafness, demon- 
strable ankylosis between the malleus and incus obtains; in 
these classes of cases the procedure is indicated. 

The operation is, furthermore, indicated in cases having a 
high degree of deafness where incurable stricture of the Eus- 
tachian tube is evident. 

II. Ossiculectomy is indicated in suppurative conditions of 
the middle ear where, after repeated removal, granulations 
present themselves in the region of the aditus. The operation 
is of special service in cases where symptoms of pus retention 
become simultaneously evident with the recurrence of the 
granulations. 

When purulent secretions exude from a perforation situated 
in Shrapnell's membrane — usually an evidence of obstinate sup- 
puration of the external (lateral) aditus wall— associated with 
a high degree of deafness; or in cases presenting an obstructed 
flow of pus emanating from the superior tympanic space, often 
accompanied by painful swelling of the posterior wall of the 
external auditory meatus; or in cases presenting a fistulous 
opening in the posterior-superior quadrant — an evidence of 
aditus involvement — then ossiculectomy is indicated. 

The operation is also indicated where cholesteatomatous 
masses fill the upper tympanic spaces, inducing frequently 
recurring attacks of middle ear suppuration. The operation is 
indicated in all obstinate middle ear suppurations, resistant to 
all other local rational treatment, and where demonstrable 
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caries of the two greater ossicles, or of the surrounding osseous 
walls, is present. 

Finally, the operation is indicated as a preUminary to the 
performance of the radical mastoid operation — a measure 
which, if successful, may often render the radical operation 
avoidable. • 

Regarding this last indication, the reader is referred to the 
indications for the performance of the radical mastoid operation, 
where attention is called to a class of cases where there is present 
persistent purulent otorrhcea, which lasts for a long time, but 
in which the lesion is confined to the lining mucosa of the t3an- 
panic cavity and the Eustachian tube. Experience has shown 
that in such cases, the radical mastoid operation does not effect 
a cure of the persistent otorrhcea, but only serves to render the 
parts more accessible to local treatment; the secretions from 
the diseased mucous membrane of the Eustachian tube, how- 
ever, and from the other areas of mucous membrane inaccessible 
to operative removal, e.g. around the niche of the stapes^ con- 
tinue to suppurate after the radical operation, as long as the 
mucous membrane lesion remains unhealed. In the chapter 
referred to, we have given the data to distinguish these cases 
from those in which the lesion is confined to the bone, and we 
hold that ossiculectomy is indicated in the former class of cases 
because it renders the mucous membrane as accessible to local 
treatment as does the radical operation. Moreover, it gives 
the same, if not better results, without causing the patient to 
incur the dangers of a major operation. 

Advantages of the Operation : In chronic middle ear suppu- 
rations presenting any of the conditions outlined under indica- 
tions, and in which, either because of pus retention or by reason 
of the persistence of the purulent otorrhcea, a graver operation 
— the radical — would have to be undertaken before a cure was 
effected, in these cases ossiculectomy presents distinct advantages, 
and should at least be tried before a graver operation is suggested. 

Where caries is confined to the ossicles, especially the malleus 
and the incus, then ideal conditions are presented to effect a 
cure of the chronic suppuration by this little operation. This 
procedure carries with it few dangers and usually does not 
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incapacitate the patient. Since the perfection of the technique 
of administering local ansesthesia by Neumann, of Vienna, the 
consequent dangers and the imtoward sequelae of a general 
anaesthetic are avoided. The after-treatment of ossiculectomy 
is such that the patient is not detained from his usual occupa- 
tion. Furthermore, when it is rememb^'ed that the alternative 
to ossiculectomy — the radical mastoid operation — is not as 
devoid of danger to life and to the future welfare of the patient 
as some of its advocates would have us believe, then the advan- 
tages of ossiculectomy will be estimated at their true value, and 
the operation will find more extensive employment. 

Preparation of the Patient : The details of the preparation of 
the patient vary at the hands of different surgeons. Thus 
Heine (18 J, in his desire to prevent the production of hypersemia 
of the drum and of the mucous membrane, avoids all unnecessary 
cleansing of the ear and the external auditory canal just prior to 
operation. He hopes by the avoidance of hsrpeirfiemia to lessen 
the consequent hemorrhage. He advocates the thorough cleans- 
ing of the parts twenty-four hours before operation, and bathes 
the external auditory canal with a solution of bichloride of 
mercury. Placing a strip of sterile gauze in the auditory canal, 
he covers the concha with a sterile dressing, held in place by a 
retaining bandage. BaUin (19), on the other hand, cleanses the 
operative field with a one-half per cent, carbolic acid solution, 
or with lysol, and follows this by placing a plug of cotton soaked 
in alcohol or ether in the canal. We usually prepare our patient 
twenty-four hours in advance. Thoroughly cleansing the ear 
and the neighboring parts, we wash the external auditory canal 
with an antiseptic solution, and place a strip of sterile gauze, 
moistened with an alcoholic soap solution, in the canal, and 
cover the concha with the same solution, retaining these in place 
by means of a bandage. The patient is kept quiet for the day 
previous to operation. If a general anaesthetic is to be admin- 
istered, as is often necessary in nervous individuals and in 
children, then the bowels are to be emptied before operation. 
We use nitrous oxide followed by ether for general anaesthesia. 

Regarding the question of anaesthesia, it may be noted that 
the operation is more satisfactorily performed imder local 
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anaesthesia with the patient in the upright posture. Local 
anaesthesia is in itself somewhat of a hemostatic, and not only 
is a better view of the parts obtainable, but the relative ana- 
tomical relations are seen in their accustomed position. The 
administration of general anaesthesia with the resulting conges- 
tion to the head, tends to produce a bloody operative field and 
thus handicaps the operator. However, the question of general 
or of local anaesthesia must rest individually on the character 
of the patient. Under local anaesthesia, administered as sug- 
gested by Neumann, the procedure is absolutely painless. 

Administration of Local Anflesthetic : Assuming local anaes- 
thesia to have been decided upon, the patient is placed in the 
position for examination, upright, with his head fixed against a 
suitable rest and supported by an assistant. The bandage and 
dressings are removed, and the neighboring parts again cleansed 
with an antiseptic solution, alcohol or ether. 

The hair of female patients is confined in a sterile towel, and 
the concha is drawn through a perforated napkin of sterile 
gauze. The external auditory canal is cleansed, a suitable 
speculum introduced and the administration of the anaesthetic 
begins. 

Equal parts of adrenaline (1 :1000) and a one per cent, solution 
of cocaine are injected by means of a syringe fitted to a needle 
slightly longer than the ordinary hyperdermic needle, and bent 
at an obtuse angle so that the body of the syringe is outside of 
the field of vision, thus enabling the operator to see the needle 
point throughout the entire manipulation. The capacity of the 
syringe should be about 30 minims. 

Often a spray of ethyl bromide, applied to the point of intro- 
duction of the needle renders this procedure less painful. The 
needle is introduced into the superior meatal wall, at the junc- 
tion of the membranous and the osseous portions. (Fig. 12.) 
This point is demonstrable when the concha is raised and low- 
ered, corresponding to a fold which becomes evident during this 
maneuver. 

Pushing the needle inward horizontally toward the drum, we 
inject the anaesthetic as the needle point is advanced ; a slight 
infiltrate is seen, immediately succeeded by bleaching. Occa- 
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sionally as the fluid reaches the middle ear, a few drops of the 
anaesthetic are observed behind the remains of the drum. Anaes- 
thesia is usually complete after a wait of from five to ten minutes. 
Experience has shown that the introduction of a pledget of 
cotton wet with adrenaline (1 :1000) into the external auditory 
canal during this period of waiting aids to control the hemor- 
rhage. It is to be noted that all the above steps are taken under 
full illumination. 
The Operation : The operation starts by placing two inci- 




Fm. 12,— The Needle Tiitrocluced, 
to Illustrate the Method of In- 
jecttBg the LcH^l Aneesthetica. 



sions in the drum remains, one on either side of the malleus 
handle. These incisions are carried upward parallel to the 
handle of the malleus, as far as the drum margin, a tenotomy 
knife being employed for this purpose. (Fig. 13, Plate III.) 

When the membrana tympani is intact, complete circum- 
cision is advantageously made, and acting upon a suggestion 
of Schwarize, the incision should be carried from below upward, 
first along the margin at the posterior, and then starting from 
the same place, continued from below upward along the margin 
of the anterior half of the drum, both incisions meeting above. 
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Thus made, the cutting edge of the knife is not only always iii 
full view, but is free from the resultant hemorrhage. 

The incised membrana tympani usually curls about the mal- 
leus handle. Often when cutting through the posterior fold <rf 
the drum, the chorda tympani is severed, especially if the end 
of the knife is deeply introduced. 

The next step in the operation is the extraction of the malleus. 
In order to extract this ossicle it is necessary to sever the various 
structures holding it in place. We begin with the tensor tym- 
pani, cutting it with an angle-bladcd knife, in that portion of its 
contiguity, which spans the tympanic cavity, severing it between 
its malleal attachment and the labyrinthine wall of the middle 
ear. 

The angle blade of the knife is introduced through the incision 
made in the drum, high up near the aditus, holding the shank 
horizontally as the knife is gradually brought downward imtil it 
is felt to impinge upon the tendon of the tensor tympani. A 
slight pressure cuts the tendon. To prove the success of the 
maneuver, a probe introduced behind the malleus demonstrates 
whether the tendon has or has not been severed. Connective- 
tissue adhesions are severed in a like manner. During these 
manipulations, care is exercised •not to dislocate the stapes. 
The incudo-malleal articulation is usually easily broken, after 
which the malleus is finnly grasped with a Hartman forceps, or 
other suitable instrument, at a point just above its neck, and 
with a gi^ntle rooking motion, which breaks up the connecting 
bands and tears the suspensorj- ligaments, the ossicle is carefully 
romoveil. The malleus usually comes away easily; the only 
danger lies in a po^ible fracture of its neck, in which event, the 
head remaining in situ will defeat the purpose for which the 
operation is undertaken. Schicartze, Ke^isel and others pass a 
small win> snare around the malleus neck to remove the ossicle. 
Either this, or the above described manipulation, is applicable. 

The n^moval of the incus follows. The ease with which this 
is aocomplishixl varii^ in diffon^nt cases. Where the incus lies 
high in the aditus, or is wtxigixi toward the antrum, many 
ohsitaoles to its eas\- removal may pres^^nt themselves. Some 
oh^^r^-eis have reported the incus missing, but our experience 
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tends to show that notwithstanding long-continued suppuration, 
although invisible it is usually present, and generally is to be 
found whenever the malleus is present. 

The careful, skillful use of a probe, with its end bent at a 
right angle, to search the region above the field of vision, demon- 
strates its presence. Often the search with the probe loosens 
the incus, and causes it to drop into view, while occasionally only 
its long process becomes visible. To remove the incus, we use 
the ring-knife of Zeroni (20), passing the ring over the long 
process, pushing the instrument upward, and gripping the incus 
by raising the instrument handle. A sUght exertion of pressure 
loosens the ossicle, which is then removed with a forceps. It is 
rarely necessary to sever the incudo-stapedial articulation. If 
necessary this is easily accomplished by a curved knife. The 
loosened incus must not be jammed into the antral opening of 
the aditus, and care must be exercised that it is not pressed 
against the facial nerve, or against the stapes, as the use of 
force would dislocate the latter and cause facial paralysis in 
the former instance. 

Should the dislocated incus drop to the tympanic floor, its 
subsequent removal often requires great skill, because the 
tympanic floor covering the jugular bulb is often the seat of 
dehiscences, and its injury may be followed by unpleasant 
sequelae. 

The operation of ossiculectomy is completed by removing the 
lateral (outer) aditus wall. This is not always necessary, but 
many cases which otherwise would fail to be cured of the 
otorrhcea will recover if this additional detail is performed. 
The lateral aditus wall is best removed by means of the Ker- 
rison chisel forceps, although under careful management an 
ordinary chisel may be used. 

Neumanny and after him, Ballin, recommend that this stage 
of the operation be performed by making two parallel incisions, 
limiting the area to be removed in front and in rear. One 
incision is placed as far toward the anterior wall of the canal 
and the other as far toward the posterior wall as the area to 
be removed demands. These incisions extend about one-half 
inch outward toward the meatal orifice. A flap is made by 
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joining the two incisions externally by a third placed at right 
angles to the other two. The superficial tissue is removed with 
a periosteal elevator, bringmg the osseous lateral wall into view, 
which is then removed by a chisel or a forceps, as described. 

With the removal of the lateral aditus wall, the operative 
procedure is somewhat of a modified Stacke, performed without 
a post-auricular incision. 

After-treatment : The operation completed, the wound is 
cleansed of blood, flushed with hot saline and antiseptic solutions. 
The external auditory canal is lightly packed with sterile iodo- 
form gauze and the external ear covered with sterile dressings 
retained in position by a bandage. In many instances, the 
bandage and the outside dressing may be dispensed with, limit- 
ing ourselves to packing the meatus. Many remove the packing 
after a few days, and subsequently treat the afifected ear with 
boracic acid insufflations. Our best results have been obtained 
from: the insufflation of aristol, followed by a light packing of 
sterile gauze. The severity and the character of the discharge 
govern us in determining whether or not to wash the tympanic 
cavity with antiseptic solutions. 

Exuberant granulations are to be guarded against; they 
demand the same treatment here as when they occur before the 
operation. In a period of time, varying from one week to many 
months, the discharge finally ceases, and the middle ear becomes 
clean and healthy. 

Dangers of the Operation : When carefully and skillfully per- 
formed, the operation presents few dangers. Accidents are 
possible and should be guarded against. The tegmen, which 
is often very thin, may become fractured at the hands of the 
inexperienced; this may result in intracranial complications. 

The facial nerve is sometimes injured. This results from 
pressure upon it either by instruments, or by the incus, and 
usually happens during removal of this ossicle. Either because 
dehiscences are present in the bony canal of the facial nerve, or 
because the canal is fractured during manipulation, the nerve 
may be injured. It is to be noted, however, that Schwartze 
reports that facial paralysis in these cases usually disappears 
within a period of from six to eight weeks. 
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When dehiscences are present, paralysis of the facial nerve 
may also result from pressure of blood clot behind the packing 
placed in the external auditory canal. 

The dangers resulting from accidental dislocation, or removal, 
of the stapes are usually grave. Symptoms referable to laby- 
rinthine involvement supervene, and if the intra-labyrinthine 
fluids become infected from the purulency of the middle ear, the 
possibility of meningeal invasion is a danger seriously to be 
apprehended. 

The severance of the chorda tympani, as a rule, causes no 
serious results; a disturbance of taste on the affected side is the 
only evidence presented by this accident. 

Injury to the jugular bulb is possible when force is used in 
cleansing the tympanic floor of granulations and detritus. The 
frequent presence of dehiscences here, especially in young sub- 
jects, must be kept in mind. When the tympanic floor is frac- 
tured, or the wall of the bulb injured, the possibility of a peri- 
bulbar abscess, or the formation of a thrombus with resultant 
pysemia, is to be feared. 

With care in instrumentation, when operating in regions 
whose anatomical relationships have proven them to be danger 
zones, these accidents are avoidable in the vast majority of 
eases. It is to be recommended that every step in the perform- 
ance of ossiculectomy should be undertaken under full illumina- 
tion, and, furthermore, that no force should be employed to 
extract the ossicles. Their separation from the structures in 
anatomical relationship to them must be made deliberately, 
and when loosened, they should be gently removed. 

Value of Ossiculectomy : Opinions differ as to the value of 
the operation. Heine holds that isolated caries of the ossicles, 
even when associated with involvement of the aditus walls, 
often heals under expectant treatment. He admits that the 
extraction of the ossicles facilitates drainage, and that healing 
is therefore quicker; he cites cases where the caries involved the 
malleus, but avoided the lower tympanic cavity, and spared the 
conducting apparatus; in such cases he found the hearing 
almost normal. He therefore deprecates the necessity of open- 
ing the lower portion of the tympanic cavity to the purulent 
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exudate from the aditus, bringing as this does in its train patho- 
logical changes at the labyrinthine windows. In these cases, he 
considers ossiculectomy contraindicated. The operation, accord- 
ing to this view, is only of value in the prince of isolated caries 
of the ossicles. 

On the other hand, many authorities find the value of the 
operation to he in the fact that it not only provides better 
drainage for the diseased parts, but also in that it renders them 
more accessible to local treatment. On the whole, the prognosis 
as to results obtainable from ossiculectomy as a cure for a 
longHstanding middle ear suppuration must, of necessity, be 
guarded. Its ease of performance, its painlessness, and its 
freedom from dangers renders it a procedure of value as a pre- 
liminary trial for a cure before the radical mastoid operation is 
urged. 

As a means for obtaining improvement in hearing, personal 
experience has failed to demonstrate the desired results. Where 
all other means have been unsuccessfully tried, the removal of 
the ossicles and drum will occasionally bring relief from annoying 
tinnitus and improve heading, by permitting the direct impact 
of the sound waves upon the labyrinthine windows. 
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CHAPTER VI 

THE SIMPLE MASTOID OPERATION 

Historical — Surgical Anatomy of the AduU Mastoid Process- 
Surface Markings and Their Relation to Underlying Struc- 
tures — Indications for the Simple Mastoid Operation — 
(General Symptoms, etc. The Subperiosteal Abscess — Its 
Location) — When to Operate — Contraindications — Prepa- 
ration of the Patient — Aruesthetic — Instruments — 
Operation on the AduU — Blood-clot Dressing — Accidents 
— Faults of Technique — Anatomical and Surgical Land- 
marks on the Infant and Young Child — Operation on the 
Infant or Child — Faults of Technique — Study of Operaiive 
Findings — After - treatment — Significance of Post - opera- 
tive Temperature — Wound Complications — Results of (he 
Operation — Bone Regeneration. 

Historical : The history of the simple mastoid operation is 
divisible into two chronological periods (Whiting). The first, 
extending from 1656 to 1864, is known as the experimental 
period, and the second, the era of the modem operation, extends 
from the latter date to the present time. 

In the middle of the seventeenth century, we find Johann 
Riolan (1), 1649, proposing that the mastoid process be opened 
upon purely theoretical grounds, in cases of obstruction of the 
Eustachian tube, in an endeavor to equalize the atmospheric 
pressure on both sides of the membrana tympani. It further- 
more appears that Rolfmck, 1656, suggested that the mastoid 
process might profitably be artificially opened. Both these 
writers considered the operation indicated for the relief of in- 
tractable deafness and tinnitus, with closure of the Eustachian 
tube; but there is no record to the efifect that either of these 
pioneers ever put his opinion to a practical test. 

The first to successfully open the mastoid cells for caries, was 
the French surgeon, Petii (2), 1674-1760. He seems clearly to 

70 
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have appreciated the beneficial efifects of the operation, and its 
possibilities as a lifensaving procedure. In chronological order, 
we now find that Heuermann (3) successfully carried out the 
procedure upon a mastoid process which had spontaneously 
perforated, and Morand (4) successfully trepanned in a case of 
caries of the mastoid process, opening what is supposed to have 
been a subdural abscess. 

Independently of these efiforts, and without knowledge of 
them, a Prussian military surgeon. Josser (5), successfully 
operated upon a soldier's mastoid, in 1776. His successor, 
Fielitz (6), was similarly successful, and the procedure was for 
a long time erroneously designated the Josser operation. Jos- 
ser^s reports aroused great interest, and the operation was looked 
upon as not only affording relief in cases presenting caries, but 
as a measure to relieve deaf -mutism. The operatiou failing to 
produce results, at the hands of Loffler (7), Hogstrom (8), and 
others, became discredited and fell into disuse. 

The imperfect knowledge of the pathological anatomy of the 
ear produced a series of indications for the operation, which were 
largely a matter of guesswork, and brought in its train corre- 
spondingly unfavorable reports on its results. To these, the 
unmerited blow dealt the procedure by the death of Boron 
Berger (9), the personal physician of the king of Denmark, who 
submitted to the operation because of severe difficulty of hear- 
ing and intense tinnitus, and who died a victim of imperfect 
technique and injudicious after-treatment, caused prominent 
general surgeons, no less than authorities in otology, to decline 
to sanction the operation. Notwithstanding occasional favora- 
ble reports, and the endorsement of v, TroUsch (10), whose work 
was based on scientific pathological research, the operation 
remained in disuse for the following decades. 

The operation was again urged upon the profession by M. 
Deziemeris (11), who collected the published reports, and. also 
employed the procedure, in the hopes of reheving deafness. 
Subsequent attempts to revive the operation by Pogenstecher 
(12), Forget (13), and others, received scant attention, and it 
was not until the works of v. TroUsch (10), FoUin (14), and 
Lucke (15) appeared that general interest was again aroused. 
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In 1873, Schvxirtze (16) proceeded to lay the basis of the indi- 
cations upon rational anatomical grounds, but he was met by 
the prevailing adverse prejudice of Langenbeck^ Dieffenbach (17), 
and others. 

Because of the thoroughness and rationale of his work, and 
that of his assistant, Eysell (18), a gradual change in the almost 
universal estimate of the operation resulted, and the procedure 
again became generally sanctiomnl. 

The credit belongs to Schvxirtze of finally establishing the 
operation firmly in otology, and it must be conceded to him that 
the various compUcated modem mastoid operations are all 
based upon his fundamental simple opening of the mastoid 
process. 

This interesting procedure, then, having dawned upon the sur- 
gical horizon of the seventeenth century as a brilliant applica- 
tion of professional ingenuity, after a brief period of fame, fell 
into undescTved disrepute, due to ill-advised extension of its 
indications; it acquired an undreamed-of importance in the 
latter half of the nineteenth century. 

As Whiting (19) well says: "As a life-saving measim?, few 
surgical procedures equal and none surpass in efficiency the 
modem mastoid operation." 

Anatomical : The mastoid process derives its name from that 
portion of the temporal bone which articulates with the parietal 
bone at its parietal notch (parieto-mastoid suture), and with the 
occipital bone at the occipito-mastoid suture, where it abuts 
upon the scjuamous portion of the occipital bone. 

The mastoid {)rocess borders upon the tympanic portion of 
the temporal bone at the tympanomastoid fissure, and upon the 
petrosa of the temporal bone. In the young, it is separated 
from the squamous part by the squamomastoid suture, which 
is usually obliterated in lat<*r life. The mastoid process is a 
broad, conical bony projection, pointing downwards, covering 
the greater part of the mastoid portion of the temporal bone. It 
presents a rough, markedly convex extcTnal surface, and an 
internal concave cerebral suriace. (Fig. 15, A.) 

Form : The external form and size* of the mastoid process 
differs in individuals. In muscular adults, it is usually found 
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larger than in the non-muscular. We designate- its external 
surface, the cortex, and its internal surface, the inner table. 
The cortex varies in thickness from .5 mm. to 10 mm., Held (20). 
The mastoid cells are situated between the cortex and the 
inner table. 

The Mastoid Ceils : These are hollow cavities lined with 
mucous membrane, radiating from the principal cell — the an- 
trum mastoideum. With the exception of the antrum, which 
is fairly constant, the cells dififer in form and in size. The mas- 
toid antrum is a bean or kidney-shaped air space, whose concave 
wall is turned outward, and whose posterior lateral half is some- 
what bent upon itself. Its length averages 12.7 mm., its breadth 
6.7 mm., and its height 8.5 mm. {Bezold, Schrvartze and EyseO) 
(18). The axis of the antrum lies in a somewhat curved line, 
continued from the Eustachian tube across the middle ear and 
through the aditus ad antrum. The anterior wall of the antrum 
is the posterior wall of the tympanic cavity. Internally, that 
is on its mesial wall, in its lower portion, the semicircular canal 
and the facial (Fallopian) canal form its boundary. The roof 
is the continuation of the tegmen tympani, and is known as 
the tegmen antri: the level of the antral floor is found at 
about one-half of the height of the posterior meatal wall. The 
axis of the long diameter of the antrum forms an angle of about 
27 degrees with the posterior wall of the external auditory canal. 

Held (20) places the average depth of the antrum from the skull 
surface, at about 12 to 15 mm. ; this depth varies in individuals 
according to the age of the subject. It may be stated that the 
antrum is never deeper than the posterior wall of the external 
auditory canal. The mastoid cells are connected one with the 
other, and with the antrum, through which they communicate 
with the tympanic cavity by opening into the aditus ad antrum. 
(Fig. 14.) 

In cross-section, we generally find that the mastoid cells be- 
come larger, the greater their distance from the mastoid antrum. 
Because of rarefaction or absorption of their demarcating walls, 
the typical cell arrangement is often lost, and the process shows, 
upon cross-section, an irregular arrangement of its cells. It is 
not unusual to find that the cells extend beyond the limits of 
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the temporal bone, on to the petrosal part of the occipital bone, 
besides spreading forward into the root of the zygomatic process* 
Occasionally well-developed cells are observed along the tegmen 
antri and tegmen tjnnpani, while below, and often behind the 
sigmoid sinus, these cells attain unusually large dimensions. Cells 
have been observed spreading inwards toward the mesial line 
of the head and encroaching on the semicircular canals. The 
character of the cell arrangement between the cortex and 
the inner table varies. If the cells are large and numerous, the 
mastoid is designated pneumatic; otherwise, it is called a diploic 
mastoid. The tip may be either spongiosus, pneumatic or 
compact. Zuckerkandl (21) finds total pneumatization to equal 
about 37% ; total diploic variety he estimates at 20%, and 43% 
of his observations were found to be of the mixed variety. 

Age Changes : The mastoid cells are absent at birth, with 
the exception of the mastoid antrum which at that time is 
fully developed in size. 

In the newborn the antrum lies very superficial, almost 
directly above and sUghtly behmd the external auditory open- 
ing. During the first years of life, the antrum generally is 
somewhat egg-shaped, the other cells meanwhile gradually 
developing upward, outward, inward and downward, as age 
increases, until at the fifth year of life, they take on the adult 
type. Full development is usually reached only with the advent 
of puberty. 

The Inner Table : The internal or the cerebral surface of the 
mastoid presents the fossa sigmoidea (sulcus sinus transversus) 
— a marked concavity, curving sharply at almost a right angle 
at the point designated *Hhe knee," its general course twining 
upward and forward, and merging into the sulcus transversus 
occipitaUs behind ; forward and below, it terminates in the fossa 
jugularis. Generally speaking, the sigmoid fossa, containing 
the sigmoid sinus, pushes further forward on the right than 
on the left side, Komer (22) holding that the difference between 
the two sides equals 2.55 mm. The remainder of the inner 
table takes part in the formation of the cranial fossa; SchuUze 
(23) finds that the cranial fossa Ues higher on the right than on 
the left side. 
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Surface Markings on the Temporal Bone, and Their Relation 
to Undezljring Structures : On the surface of the temporal bone 
are to be found certain landmarks which, because of their more 
or less constant reliationship to underlying structures, are of 
great help in working out the surgical technique. These are the 
linea temporalis, the suprameatal spme of Henle, the *' spongy 
spot," and the squamomastoid suture, or its remains. The linea 
temporalis is the continuation backward on the external surface 
of the temporal bone of a ridge — called the zygomatic ridge, or 
supramastoid ridge — which is the posterior termination of the 
zygomatic root. This ridge, or its lineal continuation, overhangs 
the external auditory meatus, and marks the upper field of safety 
for openmg into the mastoid antrum. (See Fig. 15.) 

The zygomatic ridge lies a Uttle below the level of the floor 
of the cranial fossa. While this is a fairly constant relationship, 
in six specimens of 463 examined. Held (20) found the floor of 
the middle cranial fossa lower than the Unea temporalis. 

The position of the linea temporalis, and — in bones evidencing 
a sharp angle formed by the junction of the squamosa and the 
tympanic portions of the temporal — the suprameatal ridge are 
to be carefully located, as valuable surgical landmarks. 

The suprameatal spine of Henle is a rather well-defined bony 
prominence or spica, situated at the upper posterior juncture of 
the tjrmpanic plate and the mastoid portion of the temporal 
bone. It presents itself above and somewhat behind the pos- 
terior wall of the external auditory meatus, curving concentric- 
ally to the circumference of the external auditory canal wall. 
The spine is sometimes large, occasionally small, at times it 
projects prominently; often it is flattened, and in a certain 
number of cases it is entirely absent. Yearsley (24) found it 
absent in 8% of cases and very poorly marked in 12.57% of 
2,000 spedmens examined. Broca (26) cites Kiesselback as 
reporting it absent 18 times in 100 examinations, and SchuUze 
fails to find it 11 times in 120 specimens. Held reports that in 
463 examinations the spine was absent 12% of times, and that 
it was barely demonstrable 41 times. From these figures a fairly 
accurate estimate may be derived concerning the reliability of 
Herders spine as a surgical landmark. When it is present, it has 
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a distinct value, and its relations to the floor of the middle 
cranial fossa, show the average distance between its upper 
margin and the level of the floor of the cranium to be about 
6 nun. Occasionally, this distance is smaller, Hdd finding the 
floor on an equal level with the spine once, and Randall (25), 
examining 1,000 specimens in reference to this relationship, 
reports that the middle cranial floor was on the same level as 
the spine only 5 times. We are safe, therefore, in assuming that 
in the vast majority of cases, the cranial fossa will not be opened 
when the operative procedures are limited above by the level 
of the upper border of the spine. 

The suprameatal fossa is situated immediately behind and 
sometimes slightly lower than the spine. It is a more reliable 
landmark in adults than the spine; it marks the extemid 
(lateral) boundary of the mastoid antrum. In the infant it is 
poorly defined and somewhat variable in position. It may be 
seen as an excavated depression, somewhat triangular or cres- 
centic in shape, or it may appear as a mere slit. Genially, it 
presents as a collection of vascular foramina of varying siae, and 
from this appearance has been designated the "spongy spot." 

More constant than the spine, always noted by Feorsley, 
although Held failed to find it 36 times — ^it is a more reliable 
guide to the opening of the antrum than the spine. In children, 
this is not the case, as we shall presently see. 

The squamomastoid suture is the remains of the squamo- 
mastoid sinus of infancy. It is observed as a line more or less 
clearly marked, ha\4ng an irr^ular course, which extends 
upward from some point on the external surface of the mastoid 
tip, and runs toward the posterior margin of the external audi- 
tory canal. Its marking is irregular in the adult, and usually is 
demonstrable only by the adherence of periosteal fragments to 
it along its course, when the periosteum has been retracted to 
uncover it. Its value as a landmark is doubtful, except as a 
probable guide to the j)osition of the sigmoid sinus. Since in 
the young the sinus develops from bone posterior to the squamo- 
mastoid suture, the blood-vessel is sought for behind the point 
occupied by the squamomastoid suture or its remains. It 
is not a reliable landmark, because by reason of some anomaly 
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.n its development, the blood-vessel may be found fm-ther for- 
ward than the sutm-e would lead one to expect. In the infant 
and the young child, it possesses value as a landmark in deter- 
mining the position of the blood-vessel. 
The landmarks above described limit a field of operation located 




FlO. 15. — E2XTERNAL SURFACE OF THE TEMPORAL BONE (AdULT), SHOWING 

Landmarks. 

A, Mastoid FroceBS. B, TVmpanic Plate, External Osseous Canal. C, 
Henle's Spine. D, Canal lumen. E, Spyloid Process. F, Remains of 
Squamomastoid Suture. G, Glenoid Fossa. L, Root of Zygoma from 
which Linea Temporalis Continues Backward. M, Point of Emei^ence 
of Blastoid Emissary Vein. 



within an irregular triangle formed by the linea temporalis, zygo- 
matic ridge, or zygomatic root above; by the posterior meatal 
wall, from its upper junction with the mastoid portion of the 
temporal bone at the spine of Henley downward toward the mas- 
toid tip, in front; and by an imaginary line skirting the posterior 
margin of the mastoid tip and extending upwards and obliquely 
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backwards to meet the linea temporalis behind. If the squamo- 
mastoid suture is present, the third, or posterior line of the tri- 
angular field, will be made to coincide with it. 

The field outlined above holds only for the beginning of the 
operative procedure, because once the antrum is located and 
opened, the removal of the cortex is continued until the eviscera- 
tion of the mastoid cells has been accomplished to the necessary 
extent. 

Indications for the Simple Mastoid Operation : Generally 
speakmg, the simple mastoid operation is indicated when an 
acute middle ear suppuration or an exacerbation of a chronic 
middle ear suppuration has extended to and involved the 
mastoid cells, filling their cavities with purulent detritus, break- 
ing do^Ti the cell walls, and eventually reaching the mastoid 
cortex producing periosteal inflammation and abscess formation; 
or where because of inherent hardness due to a thickened 
cortex, the purulent advance of the disease threatens by its 
further progress either to invade the internal ear or the cranial 
cavity or to involve the venous blood-vessels within the mastoid 
process. 

. In addition, Schuxirtze (27) has recommended the operation 
in cases where the mastoid is apparently healthy, where there is 
no e\4dence of pus retention, but where the mastoid process is 
the seat of pain of long duration and great severity, uncontrolla- 
ble by any other means. These cases are designated "bone 
neuralgias." 

To recognize the presence of these conditions, a brief review 
of the symptomatolog}' of mastoiditis acuta is necessary. The 
patient presents definite general and local signs which must be 
accurately known and instantly recognized, lest the proper 
moment for ofXTative interference be missed, and the patient's 
Ufe he enilangennl. 

General Symptoms : The patient suffers from retention of 
pus and from the aK^rption of toxins. Hence, we have at first, 
headache ami malaise, with moR* or K^ss of a rise in temperature. 
The rise of temperature* is not a constant symptom in the adult, 
and even if prt\sont, is rarely alxne 101° to 102^ F. In chil- 
dren, on the other hand, the temperature curve eWdences a dis- 
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tinct rise, often to 103^ F., and sometimes higher, especially 
toward evening. In Chart I we see a temperature curve rising 
to 104® the day before operation (child). When the drum 
remains imperforate in children, convulsions are often observed. 

Averseness to exertion, profuse sweating, dizziness, nausea, and 
vomiting, accompanied by marked prostration, are evidences of 
a more advanced stage. In nursing infants, we observe a refusal 
to take their food; and they lose in weight. These symptoms 
are often accompanied by diarrhea. 

As the pathological process develops, the patient presents a 
pallid, apprehensive countenance, the head is usually slightly 
tilted toward the opposite side, and held stiffly, and the neck 
muscles are perceptibly tense. The infant rolls its head on the 
pillow with a boring motion, and seems to rest best when held 
in the arms with the diseased region downward. In children, 
when unrelieved, facial paralysis is apt to supervene early. When 
the disease perforates the cortex and involves the periosteum, a 
swelling gradually develops behind the ear, which, upon palpa- 
tion, is found to fluctuate. Oedema of the eyelids on the dis- 
eased side is frequently observed. 

The pulse and respiration, in uncomplicated cases, are usuaUy 
normal; in children, however, it is not uncommon, during the 
whole course of the disease, to note a pulse whose rapidity is out 
of aU proportion to the temperature. Respiration usually 
remains unaffected. 

The advent of, or the existence of, the ear discharge is to be 
noted and studied. The.otorrhcea may be copious or sUght 
in amount, or it may vary in quantity at different times. ^ A 
copious discharge which suddenly disappears — as if arrested 
— or one which suddenly becomes less in amount and yet 
shows no abatement of the purulent process, is always to 
be looked upon with apprehension. A discharge which per- 
sists for a long time, especially when of fetid odor, in spite 
of antiseptic local treatment, even in the absence of other 
grave sjrmptoms, invariably denotes mastoid involvement. 
This indicates operation. The bacterial examination of the 
discharge may help to throw some light upon the character 
of the invading organism, and thus help to decide whether or 
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not an immediate operation is indicated; this is the case 
if Friedldnder's bacilli are foimd. In the presence of the 
severer streptococcic infections, it is safer to operate than to try 
palliative measures. Likewise, because of the extensive destruc- 
tion which follows their invasion, the tubercle bacilli and the 
diphtheria bacilU demand prompt resort to antral drainage. In 
general, we may say, however, that the variety of the invading 
micro-organism, per se, plays no r61e as to indicating surgical 
measures. A dull, flat note obtained by percussion of the mas- 
toid has been held by Komer, Wilde and Evlenberg to denote 
mastoiditis and to indicate operation (28). Mastoid involve- 
ment is usually demonstrable by the existence of pain, except 
in the tubercular or syphilitic types, or in the cases due to 
Friedldnder^s bacillus. The pain is generally steady, often inten- 
sified at night ; among the aged and in diabetics it is not marked. 
Pain on pressure over the antrmn, or over the mastoid tip, 
denotes involvement of these parts and, in conjunction with 
other signs, indicates operation. If present over the entire mas- 
toid process, it usually means an extensive involvement. On 
the other hand, it should be remembered that large areas 
demonstrating pain may result from a periosteal inflammation 
over the mastoid cortex. 

Generally pain is present in the early stages of all mas- 
toiditis. Mastoid tenderness should, however, only be con- 
sidered an indication for operation when other significant signs 
develop with it, or when the pain persists for a considerable 
time. Mastoid tenderness usually subsides after a few days. 
If it reappears, it indicates that the pathologic process has 
advanced. It is to be noted that pain can always be demon- 
strated upon pressure exerted just beneath the mastoid tip. 
This is demonstrable even in healthy mastoid processes, and 
such evidence must not be adduced as indicative of surgical 
intervention. 

Misleading data are also presented when pain is the result of 
an otitis externa. In such a contingency, the hearing tests will 
show that the middle ear is normal, should the otoscopic diag- 
nosis fail to clear up the mooted question. When both an 
otitis externa and an otitis media are present, the diagnosis is 
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extremely difficult; incision often is the only means to clarify 
the situation. 

On the other hand, complicated cases often occur, where 
little or no evidence of pain is present, and which, nevertheless, 
show extensive destruction of the mastoid cells upon operation. 
These cases are frequently found among diabetics and alco- 
holics. 

Given the presence of mastoiditis, the otoscopic picture will 
show, in the infant and in the child, an external auditory canal 
with a narrowed lumen caused by a periostitis of the underlying 
bone; in the adult, a sinking of the posterior superior quadrant, 
results from similar causes. These signs call for surgical inter- 
vention. 

Extravasation of pus, which has found its way outward 
between the bone and the periosteal covering along the posterior 
meatal wall, has been observed by the writer in cases occurring 
among children, and is held to indicate early operation. 

The membrana tjrmpani is usually found red, swollen, and 
bulging, with a perforation in one or other of its quadrants. 
The pus coming away in pulsations denotes the pressure under 
which it is held. In children, because of the anatomical pecu- 
liarities of the temporal bone at this age, the drum is often im- 
perforate, and its bulging extreme (29). Among adults, in a 
small percentage of cases, the drum will bulge markedly, show- 
ing a perforation that may be situated high — in ShrapneWs 
membrane — denoting an involvement of the aditus; such cases 
usually do not heal without operation. 

Finally, where the mastoid cortex is involved, and is followed 
by the formation of a subperiosteal abscess, mastoiditis is usually 
fully developed and operation is indicated. 

The Subperiosteal Abscess : The subperiosteal abscess is 
easily recognized upon inspection. The affected region appears 
swollen, red, with the ear standing off from the head at almost 
right angles. The head is held stiffly and tilted toward the oppo- 
site side. Closer inspection reveals the absence of the fold where 
the concha is attached ; the skin in this region being spanned, 
tense and red. Fluctuation is often demonstrable. A fistulous 
opening from which thick, creamy pus exudes, may occasion- 
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ally be seen externally. The abscess may spread over the entire 
side of the head. 

Location of Abscess : In adults, the abscess is usually found 
behind the ear; in children, it is either found above the concha, 
extending well over toward the zygomatic region, or at the mas- 
toid tip, infiltrating the soft tissues in this region. Occasionally 
in younger children, the abscess overlies the squamomastoid 
suture. 

In a certain number of cases, the abscess is located above and 
in front of the concha ; sometimes we found that the middle ear 
cavity is not involved in such cases. Where the zygomatic 
region is involved, oedema of the eyelids on the afifectcd side is 
commonly observed. 

Subperiosteal abscesses covering the occipital bone have been 
observ d in the region posterior to the mastoid process, leaving 
the process entirely free. In these cases, Heine believes that the 
pus emanates f' )m the posterior cranial fossa, exuding through 
a bone perforation ; in some of these cases the mastoid emissary 
vein has been held as the route traveled by the pus. Recently, 
I saw a case where the pus collected under the eye and extended 
to the cheek. At operation, a fistulous tract was traceable along 
the zygomatic process toward the eye. 

When the abscess forms in the soft tissues of the neck, and the 
infiltration appears about the mastoid tip, the pus usually has 
penetrated the mastoid tip at the digastric fossa; this class of 
case has been designated Bezold's mastoiditis. The swelling is 
situated just below the tip, unless the infiltration spreads to 
infect the fascia of the neck. Marked fluctuation is not com- 
mon in the Bezold type of mastoiditis. These abscesses develop 
where the mastoid process is involved and perforate the cortex, 
although Heine (30) has observed some cases where no open- 
ing through the bone was demonstrable. I have seen such 
abscesses, but never in children. 

The perforation of the cortex in cases of subperiosteal abscess 
is usually located in the fossa mastoidea, \ to,l cm. behind the 
posterior canal wall; occasionally the perforation is situated 
higher, sometimes lower. The opening is seldom seen upon 
either the lateral or upper meatal wall. In cases coming under 
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observation late, especially in children, large areas of cortex 
may be destroyed, and the opening be filled with granular 
detritus and pus. Recently, we operated upon an adult, aged 
32 years, where the cortex was destroyed for a distance of 
4 mm., and the fistulous tract extended to the uncovered sinus, 
and the whole area* was filled with dark brown, ill-smelling 
granulations; no pus was present. Urbantschitsch (31) reports 
two cases where the abscesses perforated through the external 
auditory canal. 

In the early stages of abscess development, pain, due to the 
stretching of the soft tissues, is present. In their later course 
pain is either not marked, or entirely absent. 

Two types of subperiosteal abscess sometimes met with fail to 
show any connection with an involvement of the mastoid. In 
one type the aditus is the primary seat of the disease; here the 
abscess extends externally without involving the antrum or the 
other mastoid cells. In the second type, the abscess forms sub- 
sequent to inflammation of the glands which have broken down. 
Sometimes where glandular involvement is the primary cause of 
the abscess formation, a middle ear suppuration may coinci- 
dentally exist, and in such cases, a careful differential diagnosis 
is required, either to substantiate or exclude mastoid involve- 
ment. Reliance is placed mostly upon careful palpation, by 
which the outline of the mastoid process is recognized as distinct 
^from the abscess swelling. When in doubt, it is advisable to 
incise the abscess and then palpate through the incision. 

Finally, subperiosteal abscesses which occur along the external 
osseous meatal walls are to be differentiated from otitis externa. 
Such are usually concomitant with an acute exacerbation of a 
chronic middle ear suppuration. Usually painless, sudden in 
development, failing to evince tenderness when the concha is 
moved, or when pressure is exerted over the tragus, their char- 
acter soon becomes evident. Since the existence of subperiosteal 
abscess usually denotes a purulent mastoid involvement, the 
presence of this lesion indicates immediate operation. 

Upon summarizing the conditions which call for the per- 
formance of the simple mastoid operation, we find the operation 
indicated in: 
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(1). Long-standing acute middle ear suppurations which re- 
sist local, rational treatment; or acute middle ear suppuratioDs 
where symptoms of pus retention and toxic absorption supervene. 

(2). Cases of acute mastoiditis, characterized by pain, which 
becomes intensified on pressure over the antrum, the tip, the 
mastoid emissary vein, or the posterior ospeous meatal wall; by 
fever which is persistent (especially in children) after para- 
centesis; and by a sinking of the posterior superior meatal wall, 
or a narrowing of the lumen of the external auditory canal. 

(3). Cases of acute middle ear suppuration, with nausea, vom- 
iting, dizziness, or facial paralysis; or with symptoms of intra- 
labyrinthine or intracranial involvement supervening. 

(4). Cases of subperiosteal abscess. 

(5). Cases of persistent, unbearable neuralgic psdns of the 
tissues of the mastoid region. 

When to Operate : Given the symptom complex character- 
ized by the above indications, when shall the operation be under- 
taken? 

In the usual, typical uncomplicated cases, the best results are 
obtainwl if the operation is performed just after the first or 
hypenemic stage of mastoid inflammation has passed. This 
time is generally Reached 24 to 36 hours after the advent of 
mastoiditis. We prefer to wait for this period, as nature will, 
by that time, have shut off the smaller venous blood-vessels in 
the mastoid, and thus lessen the probabiUty of invasion of the , 
sinus. Lack of attention to this detail perhaps, is the reason 
that st> many sinus thromboses occur in the practice of some, 
while they art* ran* in the practice of other surgeons whose expe- 
rience is iHiually extensive. Furthermore, the body resistance is 
Ix^tter 24 hours after inflation, and better results are obtainable 
friMU the ojH^ration; finally, it affords time to observe the case, 
to examine the character of the otorrhoea, and to attempt 
alx^rtive measun^s. 

At the first sign of intralabjTinthine involvement — nausea, 
diiiini'^* n\-stagmus, facial paralj-sis — the operation should at 
onoi* Ix^ undertaken. The first suspicious symptom of intra- 
omnial v^r sinus complication, likewise, demands immediate 
surgical n^liof. 
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With the exception of infants and young children, we may 
postpone operative measures with safety longer in the young 
than in the aged; in the latter osteosclerotic changes are more 
apt to be found than in younger individuals; the thicker and the 
harder that the osseous walls enclosing a purulent middle ear 
are, the greater the danger of the pus spreading in other direc- 
tions. In considering mastoiditis, a dangerous disease in persons 
over forty years of age, I subscribe to Heine's opinion; further- 
more, when an acute middle ear suppuration in patients of 
this agej does not subside in from 4 to 6 weeks, it is far better 
to perform mastoidectomy than to continue palliative measures. 

The length of time that a persistent acute purulent otorrhoea 
may be safely watched in young individuals varies; such cases 
demand close supervision and the operation should be performed 
at the first disquieting sjrmptom. The acute process may last 
for months. 

There are cases where the process in the middle ear has sub- 
sided, but where the mastoid involvement progresses. Such 
cases are more often observed than is supposed, and the opera- 
tion is indicated as soon as the condition of the mastoid is recog- 
nized. Recently I saw two such cases, one in an adult (an 
alcoholic), where the mastoid condition was unrecognized until 
a subperiosteal abscess had developed, and the second, in a 
child; both cases presented normal middle ears. 

Finally, it is well to operate at once when an acute exacerbation 
supervenes upon a chronic middle ear suppuration. The chronic 
pathological processes bring in their train ebumization of the 
bone, and create a hard, bony wall which, like osteosclerotic 
changes due to age, tend to increase the possibiUty of compli- 
cating lesions. The soil furnished by an underlying chronic 
process offers culture media for the rapid development of acute 
disease, and unless promptly relieved this may lead to dangerous 
sequelse. 

Contraindications to Mastoidectomy : Advanced tuberculosis, 
the later stages of diabetic cachexia, and the existence of hem- 
ophilia in a patient are contraindications to the operation. 
Moderate pulmonary tuberculosis is not to be considered a con- 
traindication. Many tuberculous patients, who would not have 
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survived the mastoid attack, have been successfuUy operated 
upon. This is also the ease in diabetic cases. The mortality in 
the latter is considerably greater than in tuberculosis cases. 
The rules of general surgery apply to hemophiles. 

Preparation of the Patient : The preparation of the patient 
for mastoid operation should begin twenty-four hours before 
the time scheduled for the operation. The external ear, para- 
centesis having already been performed, is thoroughly cleansed 
and filled with a wick of gauze to act as a drain. 

The hair is shaved from the head for about three inches around 
the ear. In women, the longer hair from the top of the head is 
separated from that on the affected side and firmly braided and 
pinned up. To prevent the straying of short hair onto the 
operative field, a one-half inch strip of gauze is put on the head 
at the boundary of the hair. This is pasted into place with 
collodion. The exposed surface is then thoroughly scrubbed 
with an alcoholic soap solution and an antiseptic solution (lysol 
or bichloride of mercury) and a wet green soap dressing applied. 
The patient is placed in bed, a purgative administered, and a 
fluid diet ordered. 

If operation is urgently demanded then the local preparation 
is made just before operation, and the bowels are emptied by the 
administration of a copious enema. 

When the instruments and all the accessories are ready, the 
room for operation in order, and a good headlight for the illu- 
mination of the deeper wound recesses at hand, the patient is 
placed upon the table with his head resting upon a block carved 
out to fit the head. 

A rubber cap is placed over the head to restrain the hair; the 
head is turned toward the opposite side, and the neck on the 
diseased side slightly put on the stretch. 

The preliminary bandage is now removed, and the parts are 
again thoroughly cleansed with antiseptic soap and ether; 
sterile towels and sheets are placed over the neck so as to leave 
only the operative field exposed. 

Anaesthetic : Usually a general anaesthetic is necessary. Ether 
is usually employed, but in young children, in pronounced alco- 
holics, or in those whose respiratory tract is liable to disease or 
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already is aflfected, chloroform is preferable. Cocaine ansBsthesia 
ha» successfully been employed in simple mastoidectomy. 
Whether nitrous oxide is employed preliminary to the adminis- 
tration of the ether, or whether some of the other refinements of 
the art of administering general ansBsthesia are used, depends 
largely on the anaesthetist. We believe that expert ansBsthetists 
should be employed wherever possible to lessen the danger of 
ether pneumonias, and to assure absolute safety to the patient. 

Strict aseptic precautions should govern the preparation of 
the surgeon, and the handling of the instruments. The hands 
should be scrubbed to the fullest extent, and then dressed in 
sterile, soft, thin rubber gloves. It is almost impossible to 
sterilize the hands, while the gloves can be rendered sterile by 
dry or wet sterilization, and then be immersed in a bichloride of 
mercury solution (1500) after being put on; they are then 
rinsed in sterile water. Thus we minimize the dangers of infect- 
ing the wound from any external agency. Although the cavity 
opened into the bone is the seat of a purulent infection, in the 
performance of operative procedures, where the chances of expos- 
ing the dura or the sinus are ever present, the introduction of 
bacteria other than those already in the region, and which may 
have established for themselves some degree of tolerance, may 
complicate the case by a secondary infection. This additional 
infection may be of sufficient severity to turn the scale against the 
patient's recovery. 

The Instruments : The market is full of a variety of instru- 
ments; efforts should be made to become dexterous with one 
set, and new instruments should be added only when they 
represent distinct advantages over the old and well-tried ones. 
The personal equation counts largely here, and while there are 
gifted individuals, in whose hands almost any instrument will 
be safely and cleverly employed, better safer and quicker work 
is obtained if the surgeon is well acquainted with his instru- 
ments. 

The set of instruments should embrace all that is necessary, 
not only to perform the operation indicated, but also to meet 
any possible emergency which might reasonably be expected to 
happen in the course of the operation. 
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Briefly stated, we require a few well-sharpened scalpels, about 
a dozen artery clamps^ a hoe-shaped periosteotome (Langen- 
beck^s), a curved and a straight pair of scissors, hand retractors, 
two self-retaining retractors (AUport-Jansen model); a set of 
chisels or gouges (Lucae^s flat chisels with rounded cutting edge 
are the best, or Whiting^ s hollow gouges), a metal or wooden 
mallet; thumb forceps (bayonet-shaped, three in number, and 
three of the mouse-toothed variety) ; probes ; rongeurs of various 
sizes; curettes (either Lucae spoon type, or RichanTs curettes— 
the latter preferred) ; needles, needle holder, etc., etc. 

This makes a good working outfit, to which, when the opera- 
tion is imdertaken outside of a hospital, an infusion apparatus 
and hypodermatic S3a*inges should be added. 

The Operation on the Adult : The procedure has for its object 
not only the exenteration of the mastoid' cells, but also the 
establishment of post-auricular drainage of the mastoid antrum, 
so that paracentesis having been performed, a counter opening 
is made the better to drain the middle ear. 

To accomplish this result most dexterously, and to avoid 
adventitiously opening the cranial cavity, or the venous circula- 
tion, a technique has been developed which, although differing 
slightly in the hands of various surgeons, in the main is followed 
by aU. 

The patient is anaesthetized and prepared, and the concha is 
turned forward upon itself. 

Where a periosteal, retro-auricular abscess is present, it is best 
to make a small incision first and permit the escape of the pus. 
The parts are then again thoroughly cleansed, and the operation 
proper is begun. 

By thus first eliminating the accumulated pus of the abscess 
and then making the full integumentary incision, we prevent 
washing of the freshly cut surfaces by the pus escaping from 
the abscess. 

The Incision : The incision is made parallel to the auricular 
attachment, from its upper to its lower pole, and extended down- 
ward as far as is necessary to fully expose the mastoid tip. The 
incision is about ^ cm. distant from the auricular attachment 
throughout its entire length. 



THE SIMPLE MASTOID OPERATION 89 

Whiting (19) meets this incision by a second one at right 
angles to it, so as to form two triangular skin flaps. We do not 
hold this to be necessary, unless the exigencies of the operation 
later demand it. We usually find that sufficient exposure of the 
mastoid cortex is obtained by the primary incision, and only 
make the second when later we find that the first is insufficient 
to accomplish our purpose. 

In majking the incision, the cut should not be carried forward 
at its upper extremity unless the necessity of later removing the 
zygomatic cells demands it; severance of the fibers of the tem- 
poral muscle which occurs when the incision is thus carried 
forward, results m a falling or drooping of the auricle. 

The knife must be held with its blade at right angles to the 
skin, and in making the incision, the knife should penetrate at 
one sweep down to the bone, through all the soft tissues. 

Profusely bleeding blood-vessels are quickly caught and the 
clamps are left in position until the end of the operation; liga- 
ture is very rarely required. 

The periosteum is rapidly pushed backward and forward from 
the two lips of the woimd, exposing the underlying bone as far 
as the skin incision permits. This is best accomplished by means 
of a hoe-shaped periosteotome. The periosteum should be 
pushed forward so that the posterior meatal wall comes into 
view, and backward imtil the posterior limits of the mastoid are 
uncovered. In pushing backward, care is exercised not to tear 
the mastoid emissary vein, as the bleeding which results obscures 
the operative field. If this blood-vessel is situated far forward, 
and is cut or is inadvertently torn, a small plug of iodoform 
gauze dipped in absolute alcohol is pressed firmly into its point 
of emergence from the skull, to check hemorrhage at this point. 

After the retraction of the periosteum, shreds of this tissue 
will be found adherent to the site of the obliterated squamo- 
mastoid suture; the periosteum is also found rather firmly 
attached and in immediate connection with the muscular fibers 
of the stemo-cleidomastoid muscle at the mastoid tip. . These 
attachments are severed with the curved scissors. 

During these procedures, considerable oozing from the skin- 
wound takes place. The blood is wiped away, and a self-retain- 



90 THE SURGERY OF THE EAR 

ing retractor placed into position. This retractor not oiily holds 
the edges of the wound widely apart, but by the tension which 
it exerts on the wound-lips checks the hemorrhagic oozing. 

A careful examination of the exposed bony surface is now 
made to note diseased areas, to locate fistulous openings, and to 
recognize the important landmarks. This examination also fur- 
nishes data from which the surgeon estimates the character and 
conformation of the mastoid with which he is dealing. The ex- 
tent and the depth of fistulous tracts are explored by a rather 
thick, blunt probe; a probe of this character is less liable to 
injure exposed dura or sinus wall. > 

To estimate the character of the mastoid under operation, we 
note its shape, its contour, and its surface markings, and the 
angle which the posterior osseous meatal wall makes with the 
outer surface of the mastoid cortex. From the angle referred 
to, we learn the direction toward which to chisel to reach the 
antrum, and also to estimate the probable location of the sig- 
moid sinus. 

According to Kamer (32), the floor of the middle cranial 
fossa and the fossa sigmoidea are nearer the external auditory 
canal, the tympanic cavity, and the mastoid antrum in brachy- 
cephalic skulls than in dolichocephalic heads. The cranial fossa 
is usually lower on the left than on the right side; and Traul- 
man (33) considered it noteworthy that the more strongly the 
sinus sprang forward, the greater was the demonstrable angle 
formed by the jimcture of the meatal wall with the mastoid 
cortex. 

The landmarks have already been described, and they limit 
the operative field in the early stages of the procedure. In cases 
where fistulous tracts are presented, they are cleaned out with 
the spoon curette, and from these points the evisceration of the 
mastoid cells proceeds. If the cortex is foimd intact, our field 
is bounded by the linea temporalis above; in those rare cases 
where it is absent it is limited by the continuation backward of 
the upper border of the zygomatic root. Toward the front, the 
anterior boundary is presented by the posterior osseous meatal 
wall, or the os tympanicum. In well-marked specimens, this 
ridge and the process mastoidea, where they have grown together, 
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form somewhat of a ridge. The ridge is kept in view in the 
early stage of the subsequent steps, and where it is absent, an 
artificial demarcating line is made with the chisel. 

From now on, the technique changes in the hands of different 
surgeons. Heine (30) and the European surgeons generally 
remove the cortex, piece by piece, until the antrum is uncov- 
ered. Whiting (19) constructs an initial groove along the cortex 
with a mediumnsized gouge, placing the groove along the extreme 
anterior border of the mastoid process, skirting the brim of the 
osseous meatus. This is only of sufficient depth to expose the 
underlying structures. Successive grooves are then constructed 
paralleling the initial groove, until the cortex is removed. 
Recently, a method of opening the cortex has been advocated 
which presents some distinct advantages over other methods. 
This consists in opening the mastoid process first at the tip. 
The tip is freed and is removed with rongeur or chisel as the 
primary step of the bone surgery. By working in this manner, 
the sigmoid sinus is usually easily located, and its injury 
avoided, even when the blood vessel is far forward. We have 
tried the operation in this way and up to now have seen no dis- 
advantage in operating in this manner. 

Generally, we prefer to attempt to enter the antrum as the 
first step in the operation, and to keep the cortex with its known 
landmarks intact as long as possible. By creating a large super- 
ficial opening, gradually deepened, we have often seen difficulty 
experienced in correctly locating the antrum after the surface 
landmarks have been removed and their relationship lost. For 
experienced operators, who know the surgical landmarks thor- 
oughly, the plan to open at the tip first may be an easy route 
toward the antrum, but for those less expert, and for beginners, 
the direct route to the antrum as the first step in the operation 
is recommended. 

Macewen reaches the antrum mastoideum through a triangle 
placed on the cortex overlying it, and designated by him the 
supra-meatal triangle. It is formed anteriorly by a base line 
dropped from the posterior root of the zygoma, and coinciding 
with the posterior border of the external auditory meatus. 
Above, the triangle is bounded by the posterior root of the 
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zygoma. Below and behind, these two sides of the triangle are 
connected by a line running on part of the descending plate of 
the squama which forms the arch of the osseous part of the 
external auditory canal. At the upper base angle of this tri- 
angular area, there is usually a depression evident. This roughly 
corresponds to the "spongy spot." 

Placing a chisel of medium width at the "spongy spot," or 
just behind and slightly above the spine, a small area of cortex 
is removed. With a gouge or spoon curette, we penetrate 
inward, following, as we advance into the interior, paralleling 
the direction held by the posterior meatal wall ; thus the antrum 
is soon uncapped. 

If the external contour suggests irregularities in development, 
it is safer to remove the mastoid cortex for some extent, keeping 
the line of the posterior meatal wall and the upper boundary of 
the operative field in constant view. 

As we penetrate into the deeper parts we must proceed with 
the greatest possible caution lest the sinus or the dura be injured 
or the antrum entirely missed. The antrum is usually found at 
a depth of between 13 to 15 mm., differing in individuals accord- 
ing to the age and the character of the mastoid under operation. 
Politzer (34) gives the safety limit as being at a depth of 5 to 6 
mm., while Kerrison^s (35) observations place the average depth 
at 10.9 mm. 

In making the primary attempt to uncap the antnun, if the 
use of the probe fails to demonstrate the accomplishment of this 
endeavor after a depth of about 10 mm. has been reached, we 
deem it safer to desist from further attempts. We then proceed 
to enlarge our cortical opening, and approach the depths of the 
wound gradually, eviscerating the mastoid cells as we go, imtil 
we gradually reach the level of the antrum and then open it. 
The advantages of this latter procedure is that the surgeon sees 
where he is going and just what he is doing, and is less likely to 
miss the antrum. With reasonable care, however, in following 
the direction of the posterior meatal wall, and in keeping close 
to it as we advance, the mastoid antrum will usually easily be 
opened. We demonstrate the opening of the antrum by intro- 
ducing into it a probe whose tip is bent at a right angle. When 
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the tip of the probe is pushed into the opened cell, the bent part 
is generally insinuated forward imder the meatal wall, pointing 
toward the membrana tympani. If upon attempting the with- 
drawal of the probe, the bent portion is found to impinge upon 
the mesial extremity of the meatal wall, then we know that its 
tip lies in the aditus; this confirms the fact that the antrum has 
successfully been opened^ Additional data in this regard are 
presented by the depth at which the probe rests. Occasionally 
air bubbles in the blood are evidence that the antrum is imcapped. 
A general examination of the walls and the roof of the antrum 
is then made with the probe which has been introduced. 

The mastoid cortex is now removed, in a manner somewhat 
similar to that advocated by Whiting. From the opening 
already made which leads to the antrum, we make a groove 
downward toward the tip, hugging closely the posterior meatal 
wall, but leaving a slight thickness of cortex standing to hold 
our outline. 

The groove is rapidly deepened either with a spoon curette, 
or the Richards^ curette. As the tip cell is uncovered, we begin 
to work backward toward the posterior limits of the mastoid tip, 
retaining the shell of the lower end of the mastoid tip unbroken 
as long as possible. With a rongeur, we work backwards, remov- 
ing the remainder of the mastoid cortex, working toward the 
region of the sigmoid sinus. The cells are removed, and the 
cavity deepened to the inner table. 

Opening the tip cell early, and working backward and upward 
from it, aids considerably in properly locating not only the sig- 
moid sinus, but also the *' posterior tip cells," and the cells 
located behind and below the sinus, which otherwise are easily 
overlooked. At the tip, the inner table is very superficial, and 
once positively identified is easily followed upward and over the 
sinus, eviscerating the cellular elements by means of rongeur or 
curette. 

As we go upward from the tip, we come on the convexity of 
the inner table when it overlies the sinus, and continuing over 
this, working toward the tegmen, we gradually, but progress- 
ively, remove the mastoid cells until the upper boundary of our 
operative field is reached. Above the sinus, that is, between the 
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sinus knee and the tegmen, the cells spread backward to a varia- 
ble degree. These are followed and removed. 

The general rule in removing the mastoid cells, is religiously 
to follow every cell lead imcovered to the inner tabic. 

Irregularities of bone are smoothed, and the cells just below 
the tegmen cleaned away, imtil the bony floor of the cranial 
fossa is in view. • 

The cells are now followed to the zygomatic region, and as 
much of the zygomatic root as is of cellular character is removed. 
These cells often reach a considerable distance toward the face, 
and demand complete eradication. 

The bottom of our bone cavity now receives final attention. 
The cavity generally needs deepening along the posterior meatai 
wall. The cells here are usually small, and as they are cleared 
away at the upper portion of the region lying near the meatai 
wall, the hard, shining, smooth outline of the horizontal semi- 
circular canal which forms the internal (mesial) and the lower 
border of the antrum comes into view. 

The antrum is carefully cleaned of all granulations and pus, 
care being exercised during the procedure not to dislocate the 
ossicular chain. The bone surgery is completed by slightly 
lowering the height of the posterior meatai wall. 

We now have a bone cavity which extends from the tegmen 
above, to the inner table of the tip cell below, and from the pos- 
terior side of the posterior meatai wall in front to the posterior 
limits of cell formation behind; this forms a large, irregular, 
triangular-shaped cavity. At the bottom of the upper anterior 
corner of this cavity we note a small, hard, white protuber- 
ance — the horizontal st^micircular canal. In the back of the 
excAvation, the protul)erance of the inner table which covers 
the sigmoid siiuis, foniis a gentle bulging, while above and in 
front, the irn^gularity of bone outline denotes the place where 
the zygomatic cells have been removed. (See Fig. 16.) 

The steps just descrilxKl give the usual procedure. It must 
be rememlxTtxi however, that the steps in the operation are 
govemtHi largely by the conditions pn^st^nt ; the essentials how- 
ever, an^ the same in every casi\ 

\Mien* the purulent process has jx^netrattxl through the mas- 




Flo. 16.--THB COMPLETKD OPERATION ON THE BoNB (ADULT) fSHOWlNO: 

t Root of the Zygoma. B. External Auditoiy Canal (floor). C, Canal 
Lumen, D- Oi>ciitii^ into Antrvmi Masloideura. E, Inner Table Over- 
Knng SiniiH. F. Riiige of Bone Lt*ft Standing to Form the Posterior 
Wall of the External Audit on' f'sinal. 
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toid tip into the underlying muscular tissue, e.g., where it has 
formed a BezoUTs mastoiditis, then the entire tip should be 
removed. Occasionally lengthening of the lower end of the 
skin wound is necessary to afford better drainage for the soft 
tissues of the neck. At times no external evidence of purulency 
in the muscles is evident; upon exerting pressure upon the soft 
parts, however, pus will ooze into the mastoid wound. Such 
cases of diffuse purulent infection of the soft parts are grave 
because of the extreme difficulty of evacuating the pus. 

Often the floor of the middle cranial fossa lies high, and the 
cells must be followed upward for a considerable distance before 
the tegmen is uncovered. I operated upon a case in which the 
cells extended 9 mm. above the roof of the external auditory 
canal, equaling in distance that existing between the external 
auditory canal roof and the mastoid tip. To properly eviscerate 
the cells in this case, the temporal muscle was incised and 
retracted. 

In sclerotic mastoid processes, or in cases where the mastoid 
cortex is exceedingly thick as the result of extensive ebiuniza- 
tion, the above procedures cannot be imdertaken. In such 
cases, the chisel offers the best means to open the antrum and 
exenterate the mastoid process. The proper management of 
the chisel is difficult. The instrument should be lightly held 
between the thumb and four fingers, not as a carpenter employs 
this tool, but rather as it is held by the sculptor {Heine). The 
instrument must ** feather" at each stroke, returning to its origi- 
nal position after each hammer blow. It must not be placed at 
right angles to the cortex, but rather at a very acute angle, so 
that shallow, broad chips are removed at each stroke. At the 
commencement of the operation, the chisel must never be directed 
backward or upward; it should point toward the direction of 
the external auditory cana wall. The use of the chisel should be 
restricted as far as conditions will permit. Grossman (36), 
Held (37), and others claim that it causes cerebral shock and 
produces psychic disorders; Heine believes that the shattering 
force of the blows of the hammer upon the chisel are factors 
which tend toward the extension of circumscribed meningitis, 
and also that this force may cause the rupture of brain abscesses. 
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The complications resulting from inadvertent exposure of the 
dura or the sinus will be considered in subsequent chapters. 

When the evisceration of bone has been completed, the exter- 
nal auditory canal is again thoroughly cleansed, and the entire 
cavity washed with hydrogen peroxide followed by a (1 2000) 
solution of bichloride of mercury. Some surgeons content them- 
selves with dry wiping of the cavity. Recently the writer has 
adopted iodine in 10% aqueous solution as a wash for the bone 
cavity. It has given excellent results. 

Careful search is made along the edges of the wound to remove 
splinters, and the cavity is now ready for its first dressing. 

One of two procedures is now followed: The wound may be 
Ughtly packed with a strip of iodoform gauze, a strip of plain 
gauze placed as a counter drain in the external auditory canal, 
and the external dressings applied, or the cavity of the wound is 
permitted to fill with blood, the skin sutured, and primary heal- 
ing attempted by means of the blood-clot treatment. 

In the open method of treating the wound, it is of the utmost 
importance that the gauze packing be lightly applied. Often in 
our earlier experience we were at a loss to account for the slow- 
ness with which granulations made their appearance, until we 
found that it was the tightly packed wound that was at the 
bottom of the trouble. The looser the packing, consistent with 
the surgical requirements of the given case, the speedier the 
granulations appear. Iodoform gauze can usually be dispensed 
with after the first dressing. The subsequent treatment of the 
case will be described below. 

In cases where a large excavation has been made necessary by 
an extensive development of the zygomatic cells, we usually 
place one or two sutures in the skin. The sutures are passed 
deeply, taking in all the subcutaneous tissues. This aids in pre- 
venting a subsequent drooping of the ear and gives better final 
cosmetic results. 

Blood Clot Dressing : Where the blood clot after-treatment is 
desired, the cavity is permitted to fill with blood. Roughly 
wiping the wound edges usually accomplishes this. The perios- 
teum is pushed into place over the cavity, and it and the skin 
lips of the superficial wound are sutured together. In lieu of 
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sutures metal sutiu-e clamps may be employed to hold the 
wound edges together. The lower end of the wound is often 
left slightly open, and a small strip of gauze introduced to act as 
a drain, or a cigarette drain is placed in position. The external 
auditory canal is lightly tamponed, and external dressings 
applied; these are removed daily and the wound inspected, so 
that at the first untoward sign it may be reopened. 

Unfortunately as yet we are not ready to determine the rela- 
tive value of these two methods of procedure. For the blood 
clot, it is claimed that the patient is spared the frequent, annoy- 
ing changes of dressings, and the entire post-operative period is 
surprisingly shortened. Furthermore, the cosmetic results are 
much better than those obtained by the open method. On the 
other hand, in middle ear suppuration, where the mastoid has 
become involved, and there is present a virulent suppuration in 
the tympanic cavity, the aditus, and the antrum, it seems to me 
that the closwe of the post-auricle woimd and the organization 
of the blood clot, within a short time (usually at the end of the 
first week) defeats one of the purposes of the operation, by 
preventing drainage for the middle ear from behind during its 
subsequent suppuration. The blood-clot treatment precludes 
making a counter opening. The pool of blood within the exca- 
vation may have inherent in itself, bactericidal properties; but 
it would appear more likely that this clot of blood will receive 
an inoculation of bacteria from the exudate coming from the 
tympanic cavity and the aditus, and if the pathologic process 
is at all virulent, the clot will probably become infected and 
disorganized. This is exactly what has happened in the 
majority of the cases where we have employed the blood-clot 
method. 

Good results have been, however, reported by competent 
observers. Sprague (44) operated upon 186 cases, using the 
blood-clot method 129 times. He reports that 60 cases 
healed in from 12 to 28 days, the majority in from 18 to 21 days. 
In 69 cases, the typical blood-clot method was used, and in 42 
of them, healing resulted without interruption in from 7 to 15 
days. 

In the majority of my cases it has failed for the reasons above 
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stated. Some brilliant results were, however, achieved. At the 
present time, I can only say that for me, the subject is still sub 
judice. 

The writer does not advocate the employment of the blood 
clot in cases in which the sinus or the dura has been exposed, 
or where an erosion or a defect due to disease was noted in the 
wall of the horizontal semicircular canal. Where the blood clot 
has been employed and the post-operative temperature either 
remains high or rises higher than before operation and does not 
recede at the end of the second day; or when upon inspection of 
the wound on the day following the operation, the aural discharge 
is fetid, or the post-auricular wound either does not unite or 
show signs of local infection, then the post-auricular wound 
should be reopened, the contents of the cavity removed, the 
cavity washed with antiseptic solutions, and the patient should 
subsequently be treated by the open method. 

Accidents During Operation : The most common accident 
during the operation is the unnecessary exposure of either the 
dura or the sinus. When the dura is inadvertently exposed and 
remains uninjured, the opening should be enlarged, so as to 
expose a considerable portion of the dura. This devise provides 
drainage and prevents local inflammation. When the exposed 
dura is healthy, it is of a blue-gray color; if diseased, it will be 
found discolored and hard to differentiate from its surroundings. 
The general rule in exposure of imhealthy dura, is to continue 
to expose it until healthy dura is reached, if this is possible. If 
the dura is accidentally torn, free bleeding takes place. The 
site should be carefully cleansed with alcohol, and an iodoform 
plug dipped in alcohol placed over it. The operation is then 
continued ; the same general mode of procedure is carried out as 
when the sinus is uncovered. If its wall is discolored, we expose 
it imtil hea thy appearing sinus wall comes into view. When 
healthy sinus is accidentally opened free hemorrhage results. 
At first a large tampon is placed over the bleeding point to con- 
trol the hemorrhage; in a few minutes this is replaced by a 
small iodoform tampon moistened with alcohol. This small 
tampon is placed directly over the opened area. When this acci- 
dent happens early in the operative procedure, the plug is pressed 



THE SIMPLE MASTOID OPERATION 99 

between the sinus wall and the bony encasement, and the opera- 
tion is then continued. 

It is of the greatest importance in the exposure of both sinus 
and dura that all bone splinters are removed between the dura 
and the tegmen and between the bony covering and the soft 
sinus wall. When no attention is paid to this detail, such splin- 
ters act as local irritants and may be the cause of inflammatory 
reaction* 

When the purulent tract follows the direction of the sinus, 
great care is to be exercised when curetting in the region where 
the facial nerve crosses the sinus; its accidental injury is possible 
at this point. The facial nerve is also liable to accidental injury 
during the curettement of the rear of the posterior meatal wall. 
This accident is often avoidable if care is taken not to undermine 
this wall. A minute knowledge of the anatomy of the facial 
nerve is requisite in mastoid surgery. 

Faults of Technique : At the commencement of the operative 
l^roccdure, usually in the hands of the inexperienced, the edge of 
the knife is not held perpendicular to the bone. Consequently 
the incision is slanting and results in poor cosmetic effects. 

If the primary incision does not penetrate to the bone at one 
stroke, the chances of fragmentary tears of the periosteum are 
increased. The preservation of as much of the periosteum as 
possible is desirable; tearing or shredding the periosteum is a 
technical error, as the growth of new bone proceeds from the 
periosteum. I had occasion to re-operate upon three cases — 
one a year, and the other twenty months, and a third within 
six months, after the primary operation — in which I found new 
bony deposits along the entire lower portion of the mastoid 
excavation. The new bone was loosely put together, and I have 
no doubt but that in time it would have become harder and 
denser, had not a secondary infection necessitated the radical 
op)eration. 

The slipping of the knife or periosteal retractor, with resultant 
injury to the cartilage of the concha, may bring in its train an 

* We shall consider both dura and sinus complications under separate 
chapters. Here we wish simply to direct attention to accidents that occur 
to these structures during the course of the simple mastoid operation. 
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infection of this structure, and from the resultant enchondritis 
ugly deformities may develop. 

With the exercise of reasonable care and with sufficient prac- 
tice, such faults of technique are avoidable. 

In pushing the periosteum forward, firm, steady pressure is to 
be exerted and care exercised not to tear the membranous audi- 
tory canal from its bony attachments. This canal may safely 
be separated for a short distance from its underlying osseous 
parts, in order to give the surgeon an idea of the direction in 
which the osseous canal runs; the tearing of the canal from its 
attachment, however, usually brings an atresia of the external 
auditory canal in its train. If the canal is thus separated, 
proper tamponade should be begun at once to overcome the 
threatened atresia. 

In starting the initial opening — at the site of election for 
entering the mastoid antrum — a common fault of technique is 
made when the opening is placed too low, and the antrum thus 
missed. Whiting correctly says, *'the error most commonly 
committed in the search for the antrum is the practice of seeking 
it too far below the temporal ridge." Furthermore, even when 
the point of election is correctly located, and the surgeon does 
not hug the meatal wall during the advance into the interior of 
the bone while making the opening into the antrum, that is, 
if he does not make his opening in a direction parallel to that 
taken by the external auditory canal, then the objective of his 
procedure will invariably be missed. 

If the antrum is missed, after the cortex has been widely 
opened, a search for it will eventually reveal its position, higher 
than suspected, usually just beneath the floor of the cranial 
fossa. 

It is a technical error to persist in the use of the chisel longer 
than necessity demands; upon the evil results of prolonged use 
of this instrument we have already commented. 

In removing the mastoid cortex, reference was made to the 
fibrous attachment of the neck muscles whose insertions are 
found about the mastoid tip. Such attachments should be 
cleanly cut with the scissors. It is technically incorrect to tear 
through such attachments. Furthermore, when employing the 
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curette in the region of the tip the sharp edges of this instru- 
ment should be brought as seldom as possible into forcible con- 
tact with the soft parts, lest their injury and their subsequent 
infection produce cellulitis of the neck. 

The accidental exposure of dura and sinus, while not actually 
faults of technique, are usually avoidable if the operator pro- 
ceeds cautiously. The injury of these structures is usually due 
to faulty use of the rongeur or the curette. Accidental opening 
of the sinus or injury to the dura by tearing, is often absolutely 
unavoidable. In regard to the sinus, the imcertainty of its 
position is a great factor in causing this accident. 

We have observed a surgeon who in exposing a sinus, at every 
bite of the rongeur nipped its wall. Such practice is reprehen- 
sible, as the speed obtained is not commensurate with the results 
desired ; such an injury to the blood-vessel may result in serious 
complications. Finally, it often happens that repair is delayed 
because all cell walls are not removed, and the entire bone cavity 
is left roughened rather than smoothed. We do not hold it nec- 
essary to polish the bone surface, but on the other hand, hold it 
an error to leave bony irregularities. In conclusion, it hardly 
is necessary to add that all diseased tissue demands entire re- 
moval, and that the principles of antisepsis must govern all 
procedures on the mastoid as well as in any other region of the 
body submitted to operation. 

The Simple Mastoid Operation on the Infant and Yotmg Child : 
The anatomical relations of the temporal bone in the infant and 
the young child are different from those present in the adult. 
The bone itself is not fully developed at birth, and varies sharply 
and distinctly at different ages. Consequently the technique 
must be modified to meet the anatomical peculiarities of the 
temporal bone in the infant and the young child. 

Anatomical :* In our discussion of the surgery of the mas- 
toid on adults, we did not find it necessary to detail the anatomi- 
cal relations of the external auditory canal. But when dealmg 
with the infant and the young child, this structure is of great 

♦ We refrain from describing in detail the anatomy of the child's tem- 
poral bone, and merely call attention to those p>eculiarities which are nec- 
essary for a proper comprehension of the technique advocated. 
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surgical importance in locating and selecting the route to open 
the antrum. 

External Auditory Canal : In the newborn, the external audi- 
tory canal is a relatively narrow slit, compressed from below 
upwards. Its osseous portion is represented by the superficies 
meatus — a portion of the squamous plate bent at an angle of 
about 150 to the remainder of the squamosa. This superficies 
meatus extends from the zygomatic root backwards, and to- 
gether with the membrana tympani constitutes the upper wall 
or the roof of the external auditory canal. Contrast Fig. 17 
with Fig. 18. 

The concha is attached at its opening directly to the super- 
ficies meatus, so that one can hardly speak of a cartilaginous 
section of the canal at all in its upper (roof) wall at the time of 
birth. 

As the child develops, the relations gradually change. The 
membrana tympani assumes a more vertical position, and the 
superficies meatus gradually forms a sharper angle until it 
approaches the adult type, namely a right angle. 

Because of these changes, the sides of the canal ahnost in 
apposition at birth, separate, and the canal lumen widens. The 
edges of the membrana tympani move away from the neighbor- 
hood of the cartilaginous portion of the canal through the inter- 
position of points of ossification from which the true bony roof 
of the canal develops. 

The ossification takes place from the annulus tympanicus. 
At birth, this is an incomplete ring of bone; the incomplete por- 
tion representing a defect of from 1 to 2 mm. is spanned by the 
superficies meatus. The development of ossification proceeds 
unevenly, at first forming two bony thicknesses, the tuberculum 
tympanicum anticum and the tuberculum tympanicum posticum. 
From the two tubercles, the osseous development spreads until 
the bone growing from in front and from behind merges, usually 
leaving a defect which is still found at the end of the second year 
of life. This defect in ossification of the external auditory canal 
usually docs not close until the fifth year of life, and occasionally 
remains for a much longer time ; it has been foimd by Burkner 
(38) in 19.2% of 982 skulls examined by him. 
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The drum remains part of the external canal roof of the reces- 
sus meatus at this age {PoliUer; TroUsch). The osseous canal 
now develops and separates the cartilaginous section from the 
superficies meatus. The osseous portion of the canal is much 
shorter in the child than in the adult, although in its entirety, 
the canal is relatively as long as in the adult. 

Symington (39) has shown the length of the canal at different 
ages to be as follows: 

Age Floor Roof 

2 months 17 mm. 13 mm. 

6 months 19 mm. 14 mm. 

1 year 20 mm. 15 mm. 

2 years 22 mm. 16 mm. 

5 years 23 mm. 17 mm. 

6 years 24 mm. 17 mm. 

Prom this table, the difference in the length of the floor and 
of the canal roof is shown at the various ages, and the angle of 
inclination of the membrana tympani which reaches from roof 
to floor is outlined. The canal is closely adherent to the super- 
ficies meatus and follows the contour of this section of the 
squamosa. 

The Middle Ear: The middle ear of the child presents its 
most characteristic feature in the nearness with which the prom- 
ontory lies to the membrana tympani, and in the presence of 
the many defects which are often found in one or other of the 
walls of the tympanic cavity. 

The upper wall, the tegmen tympani, presents in the very 
young a fissure (the petro-squamous) situated between the 
petrosal and the squamous parts of the temporal bone. This 
suture is traversed by a process of dura which establishes com- 
munication between the lining membrane of the tympanic and 
the cranial cavity. Usually this opening closes at the fifth 
month of ossification. The floor of the tympanic cavity is a 
thin partition of bone, presenting many small defects and occa- 
sionally larger dehiscences. The jugular bulb is often foimd in 
direct contact with the lining membrane of the tympanic cavity 
in these cases. Urbantschitsch (31) holds that these defects are 
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quite common in children under five years of age, and my own 
experience has borne out his observations. (Fig. 19.) 

The Mastoid Process : The mastoid process is very rudimen- 
tary at birth. It is situated as a small tubercle, close behind and 
somewhat above the external auditory canal. It becomes more 
pronounced as the child grows and gradually shifts its position 
to the rear of the external auditory canal; it is fully developed 
about the time of puberty. (See Fig. 20.) 

The mastoid cells develop different characteristics in different 
children. Many authorities claim that the cells are absent in 
the mastoid process of the child. According to Komer (40) the 
total absence of pneumatic cells, together with the preponderance 
of diploetic cavernous spaces, is to be regarded as a sort of failure 
or disturbance of development. 

The antrum is fully developed in the newborn, but no mastoid 
process is present at this time. The mastoid cells conunence 
their growth from the antrum, at first backward; later on, 
toward the protuberance, until at the end of the first year, 
pneumatization begins. At the third year, the mastoid process 
may already resemble the adult type. In a case operated upon 
at 2 years of age, we observed a mastoid process which in no 
way differed from the adult type. 

In the young, there is a tendency for the cells to group them- 
selves anteriorly and posteriorly to a central plate of bone. In 
exentt>rating the cells, during opiTation, this central plate of 
bone may wrongfully be assumed to be the inner table. The 
possible existence of this anatomical structure in the young 
must, then^fore be kept in mind. 

Surgical Landmarks : Bearmg in mmd the anatomy of the 
external auditory canal, in infancy and in childhood, the line of 
incision which is to give approach to the middle ear spaces will 
have to be brought to a higher level than that maintained by 
the annulus tympanicus. 

Upon separation of the soft parts, especial care must be 
exercised to separate the superior wall of the external auditory 
canal from the superficies meatus. This is so carried out that 
the annulus tjTnpanicus is recognized. In the child — and here 
I may remark that the younger the subject, the more important 
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this becomes — the annulus tjnnpanicus is the first landmark to 
be sought for and recognized. 

While some, Oppenheimer (41), and others, find it necessary 
to incise the canal wall for this purpose, I have never felt com- 
pelled to resort to such a procedure, and consider the possibility 
of infecting the cartilaginous and the soft parts of the external 
ear a positive danger when this is attempted. 




FiQ. 20. — Surgical Landmarks (Surface) in the Child. 

A, Squamomastoid Suture. B, Rudimentary Mastoid Process. C. Incom- 
plete Ossification of External Auditory Canal Wall Showing Defect at 
G. D, Glenoid Fossa. E, Zygoma. F. Osseous Rim of External 
Auditory Canal. 

On the external surface of the temporal bone, unossified, in 
the very young, we find the squamomastoid suture, extending 
downwards from a small distance above the temporal ridge, 
toward the lower extremity of the mastoid process, marking off 
the squamous plate from the more or less rudimentary mastoid 
process. This suture, more or less typically a juvenile structure, 
occasionally persists throughout life. (See Fig. 20.) 

To prevent the knife from entering this suture to the possible 
damage of the underlying structures, we direct the primary 
incision toward the middle of the mastoid tip. 
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The squamomastoid suture marks the lower and the posterior 
limit of the descending plate of the squama; posterior to this, 
we expect to locate the sigmoid sinus. No matter how small 
the temporal bone, it is rare indeed to find the sinus further 
forward than marked out for it by this landmark. 

As we have shown in dealing with the anatomy, the mastoid 
antnun and the middle ear are much nearer the surface of the 
skull in the young than in the adult; their relations to the over- 
lying parts differs so much from those of the adult that other 
landmarks than those used for the latter must be relied upon 
to locate the antrum in the infant. 

Neither the spine of Henle nor the suprameatal triangle is a 
sufficiently constant guide to the safe performance of the opera- 
tion. The most constant guide in the child is the ridge of bone 
formed by the posterior root of the zygoma. This ridge, by its 
lower border, indicates the level of the mastoid roof above which 
a few lines in distance, the base of the middle cranial fossa is 
located. The ridge is sometimes designated the supramastoidal 
crest, and is formed by the obliquity of the angle derived from 
the auditory plate of the squama and the remainder of the 
squamous portion of the temporal bone. It is sufficiently con- 
stant to furnish a reliable guide to the upper limit of safety in 
entering the antrum, and to aid the surgeon from adventi- 
tiously opening into the cranial cavity. If we attempt to locate 
the aditus upon the external surface of the skull, we find it, at 
this age, directly superior (above) the membrana tympani, 
almost in the middle of the arch of bone formed of the super- 
ficies meatus where it spans the opened ends of the incompleted 
annulus tympanicus. Posterior to this arch, the antrum is 
located, inclining slightly toward the back of the head. As the 
child grows the antrum assumes a position more and more 
posterior to the external auditory canal. 

Our sit€ of election for entering the antrum is therefore, 
located at a point a few lines behind and somewhat above a 
plane drawn through the malleus handle. 

To complete the surgical anatomy of this operation in the 
young, we must not€ that the point of emergence of the facial 
nerve from the skull is very superficial, and during the retrac- 
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lion of the soft parts, and also during the primary incision, the 
knife or the retractor must be carefully guided as the lower 
boundary of the mastoid is reached lest the blade sink into the 
tissues and sever the nerve. During the opening of the antrum, 
danger of injuring this nerve is avoided by noting the above 
described landmarks, when locating the juvenile antrum, because 
the opening is then made at a point where the overhang of the 
horizontal semicircular canal protects the nerve from injury. 

The Operation on the Infant and Young Child : The primary 
incision is made from below upwards. Starting directly over the 
middle of the mastoid tip, the incision is carried with one sweep 
of the knife, cutting through the soft tissue and through the 
periosteum to the bone, in a curvilinear line toward the auricular 
attachment, which is followed upwards to its upper pole. The 
incision is placed at about i-inch distance from the auricular 
attachment. 

By making the incision from below upward, we guard against 
injury to the facial nerve at its point of emergence from the 
skull, and also prevent the knife edge from inadvertently enter- 
ing the squamomastoid suture, should this be widely open, or 
situated rather far forward. The incision made in this way 
causes the knife to cross the suture line and not parallel its 
direction — a distinct advantage. 

The soft parts are gently retracted ; the periosteum is pushed 
backward beyond the squamomastoid suture, and the anterior 
lip of the wound is pushed forward and downward, the auricle 
meanwhile being bent forward upon itself. The external audi- 
tory canal is separated at its roof from its adhesions to the super- 
ficies meatus; the concha and the canal are then pushed forward 
and downward until the membrana tympani is recognized. The 
latter must positively be identified. 

The bleeding points have meanwhile been secured, and the 
open lips of the wound are held apart by a suitable retractor 
(the AUport-Jansen best serving the purpose). 

The surgical field is now in full view, so that the landmarks 
can be identified. The zygomatic root, the ridge extending 
backward from it, and the squamomastoid suture are recognized. 
The site of election for entering the antrum is now determined. 
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unless a fistulous opening already points the way to the suppu- 
rating interior. 

As described above, the posterior part of the bony anrh span- 
ning the upper margin of the membrana tympani is broken 
through with a few light taps of the hammer on a small curved 
chisel. In the very young, the curette may be used to make 
the opening. The opening is made at a point a few lines behind 
and above the plane held by the position of the malleus handle. 
The cortex is usually exceedin^y thin and easily broken. Occa- 
sionally, the so^alled ''spongy spot" is plainly discernible, and 
many surgeons follow this as a guide to the antrum. We do 
not consider this a reliable guide, for the bones of children are 
so vascular in structure that the spot is not sufficiently differen- 
tiated from the surrounding bone. Others place their reliance 
upon Herders spine, or upon the fossa behind it, and while it b a 
fact that many specimens show these landmarks plainly, they 
form no reliable guide to the antrum at the age under discussion. 

The antnun entered, the cortex is rapidly removed with a 
rongeur or a curette, working downward and backward toward 
the mastoid tip which, depending upon its condition, is either 
enthrly removed or only shelled out. Working upward from 
this, we approach the squamomastoid suture, and uncover a 
hard plate of bone. The cells and their contained detritus are 
e\iscerated as we proceed. The hard inner table is uncovered 
and limits our procedure at this point. We continue along, fol- 
lowing the inner table, to outline the sinus to the knee, and from 
this we eradicate the cells hing above and to the rear of its out- 
lines. The evisceration of the cells continues, working upward 
until the roof of the mastoid is reached; in proceeding forward, 
we remove the tegmen cells as far as the zygomatic root, and 
finally also clean out the cells in this region. In operating along 
the tegmen, we exercise care not to penetrate the petro-squa- 
mous suture, which may possibly be open. 

Finally, we deepen the bone ca\'ity until all evidence of dis- 
ease is removed. 

At the completion of the bone surgery, we have an irr^:ular- 
shaped ca\'ity extending from the tegmen above to the tip 
below, with its upper anterior extremity overhanging the 
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external auditory canal, and coinciding in depth with that of 
the inner tabic. 

The antral boundary is marked by the presence of the hard, 
white outline of the horizontal semicircular canal. 

We never curette the antrum itself, but content ourselves 
merely with providing drainage. The use of the curette in the 
child's antral cavity, or in the aditus, in view of the smallness 
of the parts, may result in ossicular dislocation, a risk too great 
to incur. 

The operative procedure is finished by placing a loose tam- 
ponade of a single strip of gauze into the wound cavity, pleated 
to fill it and to act as a drain, but not packed too tightly. A 
second strip of gauze is placed in the external auditory canal, 
and the outer dressings are then applied. 

Personally, we are in the habit of flushing the wound thor- 
oughly with hydrogen peroxide, followed by a solution of bichlo- 
ride of mercury, before introducing the tamponade. 

Faults of Technique : The osseous canal being less and less 
evident as a distinct anatomical structure, the younger the sub- 
ject, the part played by the squamosal plate assumes greater 
importance. As a result of the canal being attached at its roof 
to the superficies meatus, in comparison with the position of the 
membrana tympani, the auricle is situated high, and a common 
fault of technique is failure to detach the canal roof from its 
bony support. Because of this technical ' error, the cranial 
cavity is often unnecessarily opened. 

Contrary to the condition in adults, where the antrum is 
usually locat.ed higher than is supposed, in the child it will be 
found, relatively speaking, lower, if the primary incision is not 
properly placed, and the soft parts carefully separated from the 
superficies meatus. The squamosal plate will often incline at a 
very acute angle, instead of occupying an almost vertical posi- 
tion, and this angle causes the linea temporalis practically to 
overhang the external auditory canal. When such is the case, 
the overhang might possibly be mistaken for the temporal ridge, 
and the surgeon mistaking his guide, unnecessarily opens the 
cranial cavity. 

Gentle persistence in retracting the soft parts until the mem- 
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brana tympani becomes recognized will reveal the unusual posi- 
tion of the ridge, and this technical error will be avoided. 

Study of the Operative Findings During Mastoidectomy : When 
the operation is undertaken at the very onset of the mastoiditis, 
the cortex, when opened, will reveal an intensely hemorrhagic 
field. Except, perhaps, in the immediate neighborhood of the 
mastoid antrum the cell walls are not as yet broken down. Nor 
when opened do they generally evidence the presence of fluid 
pus, but rather present a swollen, tumefied condition of the lining 
mucous membrane, with a cell here and there containing a small 
drop of pus. 

Later in the disease, the opened mastoid reveals great cellular 
destruction, especially about the antrum; many intervening 
cell walls have broken down and have formed large cavities. 
Often this is also found to be the condition about the tip cell. 
In cases of longer duration, the entire mastoid cavity may be 
found to form one large suppurating cavity, with purulent tracts 
leading toward the sinus or the dura; both these structiuxjs may 
be involved in the advance of the purulent process. 

When fluid pus is uncovered upon opening the cortex, its 
behavior as it wells up from the interior is often significant of 
the condition in the bony cavity. When it slowly oozes from a 
small opening in the cortex, the inference is, that cell disintegra- 
tion has not proceeded far; on the other hand, if the pus wells 
up in large quantities, and rapidly reappears after removal of 
the overflow, but evidences no pulsation, then the conclusion is 
evident that extensive purulent disintegration is present. The 
bounding bony walls of the suppurating cavity are evidently 
still intact. 

If the fluid pus flows rapidly and copiously, and in addition 
pulsates markedly, or as Whiting remarks, is expelled in little 
jets, the inference is that the inner table of the skull has been 
broken down, and in addition there is present a purulent disin- 
tegration of the interior of the mastoid. This means that the 
meninges or the sinus wall is exposed — the condition being one 
of extra dural or perisinus abscess. 

Occasionally, pulsating pus is seen in cases of purulent dis- 
integration of the interior of the mastoid, where excessive 
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granulations are present within the coalesced cells. The pulsa- 
tion is imparted to the pus from the blood-vessels in the soft 
granulations. Later, during the operative procedures, when the 
parts have been carefully cleansed, and the sinus wall sharply 
outlined, if we find a smooth, intact wall, we presume, unless 
other developments supervene, that we are dealing with a healthy 
sinus. Where fragmentary, irregular, fibrous shreds are found 
attached to the sinus wall, which are tenacious in their attach- 
ment, that is, they are hard to wipe away, suspicion is aroused 
of a perisinus abscess. With such findings, the sinus wall should 
be subjected to rigid inspection, and if symptoms from it are 
present, the bony wall should be opened. 

Where we find the cortex thick, and the mastoid cavity 
showing lack of pneumatization, after the uncapping of the 
antrum, more than ordinary care is demanded to trace the 
few suppurating fistulous tracts to their ultimate termina- 
tions. The harder the cortex, the greater the resistance it 
ofifers to the advance of the pus toward the exterior, and con- 
sequently the greater the possibility of invasion of the deeper 
structures. 

Finally, erosions of the semicirculars should be carefully noted, 
btU not probed; such cases demand careful watching to recognize 
the first signs of intralabyrinthine involvement. We advise 
against probing such erosions, because of the possibility of thus 
breaking down protective adhesions which, if left undisturbed, 
may save the labjminth from general infection 

In children, the presence of cheesy, degenerated glands, uncov- 
ered dming the integumentary incision, or the finding of a peri- 
osteum mottled in appearance, signifies tuberculous involve- 
ment (GomperZy 42). The uncovering of discolored, sugar-coated 
looking bone, or the finding of sequestrsB, signifies tubercular 
disease, especially when found associated with thin pus and 
cheesy degenerated granulations. 

Gomperz cites it as significant in tubercular involvement of the 
mastoid among children, to find evenly distributed purulent dis- 
colorations in the periosteum over the mastoid, with no swelling 
evident, and the mastoid cells more or less full of a rather thin, 
watery pus. 
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After-treatment : The patient is put to bed, and eflforts are 
at once instituted to combat shock and to ameliorate the after- 
efifects of the anaesthetic. If the operation has been of long 
duration, and if its performance has demanded an imusually 
long use of the chisel — usually where extensive ebumization 
has caused a thickened cortex, then the bed should be warmed 
and suitable stimulation administered. 

Repeated small doses of hot water relieve the nausea and the 
vomiting following the anaesthetic, and in extremely nervous or 
highly sensitive individuals, the exhibition of morphia hypo- 
dermatically, will often ease the first day following the operation. 

In cases where a large quantity of blood has been lost during 
operation, and where the patient gives evidence by his appear- 
ance before operation of sufifering from beginnmg sepsis, a large 
high enema of normal salt solution is of undoubted benefit. 

The outer dressings, especially the retaining bandage, may be 
changed on the day following the operation for cosmetic reasons, 
but the wound proper should be left undisturbed for from five 
to eight days, depending on local and general conditions. 

If no fever develops, and the post-operative temperature 
remains within safe bounds — for details see below — and the 
patient has neither pain in the afifected ear, or unbearable head- 
ache, then the dressings should be left intact until the mastoid 
wound begins to secrete. The secretion usually appears between 
the fourth and the eighth days, varying in dififerent individuals. 

On the day following the operation, the dressings may be 
soiled by blood which oozes from the wound. The change 
of the outer dressings, by presenting a clean bandage to the eye 
of visiting friends and the patient's family has a reassuring 
influence on the patient. 

If an unpleasant odor is perceptible from the dressings, or 
if pain is complained of, or if an unaccountable rise in tempera- 
ture is noted, the wound requires immediate inspection, auid all 
dressings and packings should be removed to permit a minute 
examination of the entire operative field. 

At all changes of dressings surgical asepsis should be the goal 
aimed at, and every piece of gauze, each instrument, as well as 
the surgeon's hands, should be as rigorously prepared as they 
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were for the operation itself. We observe, especially in dis- 
pensary work, many a mastoid wound presenting, at the first few 
dressings, bright, clean granulations, which gradually change In 
character and show excessive secretion and finally local infec- 
tion because of inadequate preparation or careless handling 
along lines of antisepsis. 

At the first dressing, the wound edges should look fresh, the 
granulations should be red, of firm consistency, and the gauze, 
upon its removal, should be moist only and not soaked by secre- 
tions. The gauze drain in the external auditory canal should be 
slightly damp. When these are the conditions found at the 
earlier dressings, everything is progressing favorably. 

The wound is again packed with a clean strip of iodoform 
gauze up to the skin level, on top of which plain gauze is placed. 
After the external auditory canal has been cleaned, it is lightly 
repacked, external dressings are applied and the bandage is 
replaced. 

The dressings should be changed as rapidly as possible, thus 
lessening the possibility of infecting the wound by long exposure 
to the air. The second dressing is undertaken in three or four 
days; thereafter, usually every second day until healing is com- 
pleted. 

With the exception of old people who may be permitted to 
sit up as early as their strength will allow, the patient is kept 
in bed for the first week. Old people are usually enervated, and 
the reaction of their tissues impeded by too much bed rest. In 
the very corpulent, or those in whom bed rest aggravates pul- 
monary stasis, the semirecumbcnt position is allowed upon the 
third day. 

Healing by granulation should be permitted to proceed with- 
out interruption; in a clean, healthy, granulating wound, there 
is no indication for repeated use of antiseptics. 

The less they are employed during the post-operative period 
the more rapidly does healing take place. As long as pus, com- 
ing from the middle ear, is in evidence, so long must the 
antrum be kept open. As soon as the secretions from this region 
have stopped, the closure of the wound behind the auricle may 
be encouraged. 
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The tamponade, it is to be remembered, should be as loose as 
is consistent with keeping the wound open for the requisite time. 
Many a post-operative period has been unduly protracted be- 
cause of a tight tamponade. As the post-operative period 
advances the edges of the cutaneous wound show a tendency 
to turn inward. If this is allowed to proceed unchecked, the 
cosmetic after-efifects will be poor; they usually result in a more 
or less pronounced depression. 

To prevent this, the skin edges must be prevented from turn- 
ing in. Usually this tendency becomes apparent in the third or 
fourth week of the post-operative period ; the skin edges should 
then be carefully separated from the underlying tissue, and 
loosened all along its margins, both anteriorly and posteriorly. 
Gauze is inserted under this raised edge, and the skin kept away 
from the underlying tissue until the granulations have reached 
its level. When this little procedure is successfully carried out, 
there usually will be but little depression apparent in the final 
appearance of the healed wound. The separation of the skin is 
carried out under cocaine ansesthesia. 

I have found the application of silver stick to the skin edges 
at changes of the dressings very efficacious in checking the 
tendency toward this turning in. Sometimes, exuberant granu- 
lations on the wound lips, if permitted to remain in situ, will 
check the ingrowth of the epithelium and prevent subsequent 
depression. 

Exuberant granulations, wherever evident in the cavity 
proper, must be checked by application of the silver stick, or 
silver in solution, or by tight tamponade for a short period. 
After the simple mastoid operation healing is usually completed 
in from 6 to 8 weeks. 

Blood Clot After-treatment : When the blood clot after-treat- 
ment has been elected, the outside dressings are daily removed 
for the first week to afford inspection of the wound. The edges 
must evidence union by primary intention, which when once 
firmly established, permits removal of the outside dressings and 
bandages, a light coating of collodion being placed over the scar 
line. The middle ear should be dry at the end of the first week, and 
the mastoid wound should feel hard and fiirm in about ten days. 
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Upon the first advent of signs of a disintegration of the clot, 
or if the aural discharge is excessive and has a foul odor, the 
wound should be opened, cleansed with antiseptics, and subse- 
quently treated by the open method. 

The Significance of Post-Operative Temperature : Following 
simple mastoidectomy, there usually is a distinct febrile reaction 
which occurs during the first forty-eight hours. This is in itself 
of no significance. Fever is generally more marked when the 
operation is of long duration, and is accounted for by assuming 
absorption of broken-down detritus from the wound edges. A 
rise in temperature is usually seen in cases where the soft parts 
have suffered traumatism during the operative procedures. 

In this connection, it is of interest to recall the study of 
Harris (43) who reported an analysis of 100 uncomplicated 
simple mastoid operations. He found that of these, only one 
case ran a perfectly afebrile temperature ; that the post-oper- 
ative temperature generally lasted from two to nineteen days, 
the average being 6.65 days. In 65 of the histories studied 
by him, the highest point reached by the temperature curve took 
place on the second day; in 29 cases, it occurred on the third 
day, and in the remainder (15 cases) it either appeared on the 
fourth day or thereafter. 

The temperature ranged at its point of greatest severity from 
99 to 104 F., the patients being, however, very comfortable in 
spite of the temperature elevation. 

In detail, his findings were as follows: 

No. of Cases. Highest Range of Temperature. 
28 99-100 F. 

38 100-101 

23 101-102 

6 102-103 

In the remainder it ranged still higher. The continuation of 
the temperature gave the following results: In 56 cases it per- 
sisted less than one week; in 10 cases.it lasted only three days; 
in 18 it was noted for four days, and in 12 other cases it con- 
tinued for only five days. Among the remainder of the cases, 
the rise of temperature persisted for periods varying from six 
to nineteen days. 
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Barring other symptoms, post-operative temperature is with- 
out special significance. It demands a more frequent change of 
dressings to prevent absorption into the general system of secre- 
tions from the wound. Where fever was present prior to opera- 
tion, it usually falls immediately thereafter, sometimes rising 
again on the second day. (See Chart II.) A second recurrence 
of temperature after a fall is to be regarded suspiciously, 
especially if the second elevation equals in height the first rise 
of temperature. 

We append temperature charts selected as more or less typical 
of post-operative temperature ciurvcs. It will be noted that in 
every case the drop is more or less gradual, extending over a 
longer or shorter interval. (Charts I, II, and III.) 

A sudden rise of temperature, after the third day, is not to be 
lightly considered. The bowels, the lungs, and the wound 
require careful examination, especially if the patient is at all 
restless, or appears uncomfortable. In young children, the tem- 
perature reactions are more marked than among adults, and the 
gastro-intestinal tract will more often demand attention. The 
development of post-operative pneumonia is shown on Chart 
No. IV. Intercurrent diseases make their presence known by a 
rise of temperature. 

A rapid rise, followed by a chill and a rapid drop, to be again 
followed by a rise equally high, is significant of sinus involve- 
ment; such a temperature curve is especially suspicious when 
headache or other sjrmptoms supervene. 

Meningeal involvements usually show a temperature elevation 
which gradually increasc»s, and then remains steadily high; con- 
comitant symptoms, more or less significant, meanwhile develop. 
(See Chart V.) The temperature of brain abscess whether cere- 
bral or cerebellar does not present anything characteristic of the 
disease, but is rather significant of the meningeal involvement 
surrounding these lesions. 

Finally, we conclude that, although temperature elevation is 
always to be watched, expectant treatment is indicated until 
general and characteristic symptoms develop sufficiently to 
determine the diagnosis and the therapeutics required in each 
given case. 
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Chart I. — Showing Temperature Curve in Case of Acute Mastoiditis. The 
High Temperature Before Operation in the Child Is Here Shown« 
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Chart II. — Showinf Post-Operative Temperatiu^ Curve After Simple Mas- 
toidectomy. Trie Temperature Rose on Day Following Operation and 
Thereafter Gradually Dropped. 
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Wound Complications : Wound complications may arise at any 
time after the operation. Generally speaking, these are to be 
classified as local infections, iodoform dermatitis, and local 
abscess formations in the immediate neighborhood of the wound 
edges. 

The local infection may result from a secondary infection 
occiu'ring adventitiously during changes of dressing or during 
the operation. They usually subside under treatment with wet 
bichloride of mercury dressings, and other suitable local appUca- 
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Chart III. — Post-Operative Temperature Curve (Simple Mastoidectomy). 
Rise of Temperature Shown on Afternoon of Second Day After Operation. 

tions to the inflamed area. The application of pure carbolic 
acid, followed by absolute alcohol has proved very successful 
Painting the inflamed area with 10% solution of iodine in water 
is also very efficacious. 

Abscess formations must be emptied and their interior treated 
by applications of carbolic acid and alcohol, the outside covered 
with wet dressings for a few days. 

Erysipelas : By far the most serious wound complication is 
that caused by erysipelas. When this infection occurs it pre- 
sents an area of inflammation sharply demarcated at its line of 
advancement from the surrounding tissue. As it progresses, an 
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Chart IV. — Temperature Curve of a Case of Ether Pneumonia Following a 

Flap Operation. 
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Chart V. — Showing Temperature Curve of Post-Maatoidal Meningitis. The 
Operation Mailed on Chart Refers to the Exploratory Procedures to 
I>ain the Meninges. 
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area of healthy skm becomes visible between the inflamed area 
and the wound; the neighboring lymphatics are outlined as 
reddened streaks radiating from the area of infection. The 
patient generally exhibits constitutional sjrmptoms — prostration 
and fever, etc. 

The following mixture, which I owe to a suggestion of Dr. L 
K. Neff, has yielded most beneficial results, and usually checks 
the advance of the disease in twenty-four hours. Mistura creta 
aromatica (B. P.) and glycerine are freshly mixed to form a 
paste having the consistency of molasses. To this we add suffi- 
cient pure carbolic acid crystals to make a 10% solution. This 
is painted over the inflamed area and left in place for 12 hours; 
the parts are then bathed in alcohol and the mixture reapplied. 
The application of the mixture is continued a day or so after the 
temperature has dropped, and it should always be painted 
beyond the inflamed skin. Internally, adrenaline chloride 
(1 :1000 in qtt. X doses) is administered every four hours. The 
application of ichthyol has been found of benefit by some, and 
the writer has also checked the advance of an infection of ery- 
sipelas by swabbing the mastoid wound with a weak watery 
solution of iodine, and painting the inflamed skin area with 
the iodine tincture, reapplying the tincture twice daily. Re- 
cently the administration of antitoxine has been tried and has 
given good results. 

As we well know certain patients cannot tolerate the adminis- 
tration of iodoform. While we use iodoform gauze only for the 
first and second dressings, because it tends to produce exuberant 
granulation, still many patients complain even then of annoying 
itching and burning sensations in the wound, and sometimes we 
are astonished to see when the first dressing is changed evidences 
of a dermatitis. In such cases we replace the iodoform gauze at 
once with plain sterile gauze. In children, we limit the employ- 
ment of iodoform gauze even at the first dressing; we wash the 
iodoform gauze in sterile water to dilute its strength, and con- 
tent ourselves with placing a strip only in the antrum. After 
the first dressing, we dispense with it entirely, except where 
excessive odorous discharge, or possible putrefactive reaction is 
to be combated. In such cases, the application to a mixture of 
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equal parts of liquid vaseline and castor oil to the wound has 
been found helpful. 

Indolent granulations require stimulation, either by iodoform, 
balsam of Peru, or other means. It not unusually happens, as 
the granulations reach the level of the skin, that during the last 
weeks of the post-operative period, that the wound appears to 
make no progress whatsoever. In such a contingency, the entire 
removal of the bandage and of all the dressings, and the expo- 
sure of the wound to the sunlight and air will give surprisingly 
quick results. A slight dusting with aristol or some other anti- 
septic powder is all that is required in these indolent cases. 

During the last of the post-operative period, after the perfora- 
tion in the membrana tympani has healed, and sometimes even 
before the post-auricular wound has completely closed, the pa- 
tient may complain of an ^nnojring tinnitus, and often of some 
deafness. Careful and cautious Eustachian catheterization is now 
employed, three times a week, and continued for as long a time 
as the symptoms demand. Such treatment usually results in the 
restoration of hearing, and also in relieving the tmnitus by 
re-€stablishing the balance of air pressure on either side of the 
drum membrane. 

The pharyngeal vault and the nares must be carefully cleansed 
of all secretions before catheterization is attempted. 

Results Qf the Operation : When simple mastoidectomy is 
properly performed, and all the diseased cells eviscerated and 
when the aft^r-treatment is correctly carried out, the results of 
the operation are highly satisfactory, not only in its effect upon 
hearing, but also in saving the life of the patient. 

Simple mastoidectomy does not preclude subsequent middle 
ear disease, and a recurrence of an acute middle ear empyema 
with infection of the newly formed tissue filling in the mastoid 
shell is a possibility. I have observed such reinfections to occur 
especially in badly nourished children, and in those having 
adenoid vegetations in their pharyngeal vaults. 

Bone Regeneration : That some regeneration of bone takes 
place in the mastoid shell has been demonstrated in cases where, 
because of persistence of distressing otorrhoea, I reoperated — in 
one' case after twenty months, and in another case after one year, 
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and in a third case after six months. Here I found that newly 
formed bone had been deposited in the mastoid shell, replacing 
the fibrous connective tissue. This new bone was of a vascular 
nature and darker in hue than the remainder of the osseous tis- 
sue. To encourage new bone deposits, it is important to save 
as much of the periosteum as possible when operating. 

In a case of acute otitis media purulenta which recently came 
under observation the middle ear became infected subsequent to 
an operation for the removal of adenoids, and the old wound broke 
down a second time. At the operation, which was undertaken 
to eviscerate the infected tissue in the mastoid shell, extensive 
regeneration of bone was noted. The entire bone cavity had 
shrunk to such an extent, that only a small opening filled with 
granulations was seen leading in a direct tract to the antrum. 
This observation becomes important when the second operation 
is undertaken by a different siu-geon than the one who performed 
the original operation, and when understood will perhaps pre- 
vent an unjust criticism of him who performed the first operation. 
When looking at the bony cavity presented by the case above 
described, had I not been fortified with the notes taken at the 
first operation, the tendency would have been to describe it as 
having been poorly performed because of incompleteness. I 
had the same assistants at both operations, and the fact of the 
unlooked-for bone regeneration became clear to all Qf us. 
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CHAPTER VII 

THE RADICAL MASTOID OPERATION 

Histcrical — Afiatomical — Indications for the Radical — Counter 
Indications — When to Operate — Objects of the Operation — 
Preparation of the Patient — T?ie Bone Operation — The 
Stacke Procedure — Advantages of the Stacke Procedure — 
The Zaufal Operation — Operative Field — The Operative 
Procedure on the Infant and Young Child — Radical Mastoid 
Operation Modified so as to Retain the Ossicles in Situ — 
Operalive Findings — Accidents During the Operation — 
Faults of Technique— The Plastic Flap (Stacke Flap — 
Par^e Flap — The Sid)enmann Flap) — Thiersch Skin Grafts 
— Technical Errors During the Plastic Procedures — Choice 
of the Plastic — After-treatment — Results of the After'treatment 
— Unusual Happenings During After'treatment — Estimation 
of Results of the Operation — On the Hearing — Results of 
the Radical — Procedures to Close Persistent Post-auricular 
Openings. 

Historical : ^p 1873, v. Troltsch (1) suggested a modification 
of the Schwartze operation, in its essentials identical with the 
present radical operation. Although his suggestion is recorded, 
owing to the indefinite indications advanced by him for its em- 
ployment, it did not gain recognition as a new procedure. 

Both Schwartze (2) and Kamer (3), in the operations reported 
by them, either removed the whole or part of the posterior 
canal wall, because of conditions found during operation, and 
essentially performed the radical operation. They did not, 
however, describe it as a new procedure, nor did they not lay 
down the principles governing its employment: it remained for 
Kiister to enumerate the steps upon which the radical operation 
is based. 

Kiister (4) advocated that the bony cavity be widely opened, 
that all diseased tissue be removed, in order to reach the source 
from which the punilency proceeds, and permit free drainage of 
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the pus. He modified the Schwartze operation by recommend- 
ing the fundamental removal of the posterior osseous canal wall 
in cases where the primary purulent inflammation centered in 
the tympanic cavity. Upon this foundation the radical mastoid 
operation is based. 

His first description of the operation, however, is somewhat 
obscure; he says nothing of removing the lateral (outer) aditus 
wall. This was first brought to the attention of the profession 
by V. Bergmann (5), who not only opened the mastoid, but simul- 
taneously removed the posterior and portions of the upper 
osseous canal wall. Bergmann was the first to designate the 
procedure *'The Radical Operation." 

A full and very detailed account of the operation, with the ex- 
ception of the formation of skin flaps, appeared from the pen of 
Zaufal (6) and Jansen (7) . Continental autho^;ities called the pro- 
cedure the Zaufal operation. Jansen (8) himself modified the 
procedure in cases where * 'caries was found posterior to the margo 
tympani post, near the canalis facialis," advocating the re- 
moval of the margo tympanicus posterior, where it protrudes 
beyond the facial canal, and bridges the lower posterior comer 
of the tympanic cavity. He advocates removing as much of 
this bony bridge as possible, being halted by facial twitching. 
If the disease is localized in the hypotympanugi, and the floor 
of the tympanum lies deeply, then he advocates the removal of 
the margo tympanicum inclusive of the respective canal w^alls, 
until an absolutely free opening at the posterior and lower part 
of the tympanic cavity is obtained. 

Stackers (9) claim to originality rests upon two foundations. 
He advocated opening the bone from within outward. After 
looscming the skin and the periosteum of the upper and the pos- 
terior canal walls, he first enters the tympanic cavity, then the 
aditus, and finally reaches the antrum, employing a ''protector" 
— an S-shaped narrow raspatorium — which he places in position 
on the lateral (outer) wall. He uses a chisel to remove the bony 
parts. The second original suggestion for which he is entitled 
to credit is the formation of a flap from the skin ai^d the peri- 
osteum of the posterior and the upper canal wall, and the intro- 
duction of this flap into the wound cavity. 
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This presents two distinct advantages: first, it secures a per- 
sistent skin-covered cavity between the canal and the antrum, 
and secondly, it induces epidermatization of the wound cavity. 

Skin transplantation according to the method of Tiersch was 
first recommended by Siebenmann (10) to better procure a more 
rapid healing in the wound cavity. Other surgeons have ad- 
vanced various other skin flaps and modifications (Schvxirtze (11) ; 
Pan^e (12); Grunert (13)). 

Many minor changes have been advanced by American and 
foreign authors; it is too early as yet to determine the value of 
these suggestions. 

Anatomical : The anatomy of the mastoid process is described 
in the chapter on the simple mastoid operation ; in order intelli- 
gently to carry out the surgery of the radical operation, a descrip- 
tion of the tympanic cavity is necessary. Not only does this 
cavity enter into the operative wound, but the purulent diseases 
of the temporal bone begin either in the tympanic cavity or in 
the adjacent pneumatic cells of the mastoid process. 

The Tympanic Cavity : The tympanic cavity is shaped like a 
low prism; from five of its six sides the enclosed pus may extend 
either directly or indirectly toward the cranium. The lateral 
(outer) walT is the only exception to this rule. 

Upper WaU : The upper wall or the roof of the tympanic 
cavity — the tegmen tympani — forms the floor of the middle 
cranial fossa. It is derived not only from the tegmen tympani, 
- but also from a small part of the os squamosa. In the newborn, 
it presents a fissure — the fissura petro-squamosa — which extends 
backwards and can be demonstrated along the roof of the antrum 
mastoideum. 

Extending through this fissure, a process of dura comes into 
relation with the lining membrane of the tympanic cavity. It 
transmits branches of the middle meningeal artery. This fissure 
usually closes at the fifth month of life; thereafter its remains 
are identified as the sutura petro-squamosa. The bony roof 
of the tympanic cavity is often exceedingly thin and transparent, 
and occasionally presents defects. Burkner (14), examining 765 
skulls, noted such defects 167 times, and Komer (15) found them 
present 18 times in 209 skulls. The tegmen tympani has been 
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observed, on the other hand, occasionally to be several milli- 
meters in thickness. This has been seen to be specially the case 
in dolichocephalic heads, Komer (15) ; where the tegmen is 
thick a layer of small air spaces is found adjacent to it; some of 
these air spaces may, however, lead toward dehiscences. 

The Tympanic Floor : This constitutes the floor of the tym- 
panum and the roof of the fossa jugularis, and separates the 
tympanic cavity from the jugular bulb. In the newborn, this 
wall is generally a very thin, transparent plate of bone, which 
often present defects, thus bringing the tympanic mucous mem- 
brane in direct contact with the walls of the jugular dome. 
Dehiscences of the tympanic floor occur in about 4.8% of cases. 
In the adult, its thickness is proportional to the growth and the 
development of the fossa jugularis. (See Figs. 17, 18 and 19.) 
The floor is also characteristically traversed by ridges running 
from the membrana tympani toward the labyrinthine wall. 
The floor is usually deeper than the level of the floor of the 
external auditory canal, and sinks abruptly at the annulus tym- 
panicus. 

Differences have been noted on both sides of the head. Thus 
Komer finds among 449 skulls, that the floor is deeper 58.8% of 
times on the right side and 24.3% of times on the left side. It 
was an even level in 16.9% of times. 

When the bony partition forming the tympanic floor is thick, 
it will usually be found to contain air cells. Sometimes when 
these air cells are partially or completely absent the fossa jugu- 
laris protrudes upward into the tympanic cavity, and the level 
of the tympanic floor is then higher than the level of the floor of 
the external auditory meatus at the annulus tympanicus. 

Anterior Wall : The close relationship of the carotid artery 
to the tympanic cavity is characteristic of the anterior wall. It 
is separated from the tympanic cavity by two small canals — the 
canaliculi carotico-tympanici — which transmit nutrient blood- 
vessels from the carotid artery to the mucous membrane of the 
tympanic cavity. Veins likewise run from the tympanic cavity 
toward the carotid artery in the canals of the anterior wall, and 
finally anastomose with the sinus cavemosus {RelUorzik^ Rudin- 
gcTf Block — quoted by Komer). 
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The wall between the carotid and the tympanic cavity varies 
in thickness. At times it is found to be exceedingly thin, pre- 
senting instead of a series of canaliculi for blood-vessels, small 
openings through which the vessels come. Dehiscences are not 
xincommon along the carotid wall, and when they are present, 
the mucous membrane lining the tympanic cavity comes in 
direct contact with the carotid artery. Komer noted this con- 
dition twice in the observations, reported by him, and Max (17) 
observed the pulsations of the carotid through these openings. 

Urbantschitsch in the third edition of his text-book (page 308) 
reports that he found in certain of the temporal bones examined 
by him, bony air spaces in the neighborhood of the tympanic 
orifice of the Eustachian tube; these led to a system of pneu- 
matic cells, and spreading to the tip of the petrosal pyramid, 
communicated through dehiscences with the middle cranial 
fossa. I have never found the cells extending so deep in the 
many examinations which I have undertaken. 

The orifice of the Eustachian tube is situated on the anterior 
wall and it is usually surrounded by small air spaces. 

The Inner or Labyrinthine Wall : The inner tympanic wall 
constitutes the outer wall of the labyrinthine capsule. The lower 
half of this wall is formed by the bony capsule of the cochlea — 
its first turn. This is designated, the promontory; posterior 
and above it is marked off by the fenestra ovalis and the emi- 
nentia stapedii, the latter presenting an opening for the stapedius 
muscle. Below and posteriorly the promontory is limited by 
the fenestra rotunda. The fenestra ovalis contains the foot- 
plate and annular ligament of the stapes, and the fenestra 
rotunda contains the membrana tympani secundi. Behind and 
above the fenestra ovalis is a crest of hard bone formed by the 
facial canal. This crest often evidences dehiscences; these bony 
gaps are filled by fibrous membrane in direct contact with the 
tympanic mucous membrane. These fibrous gaps are often 
mistaken during operation for the facial nerve. 

Above and behind the facial crest is a second hard bony crest, 
formed by the ampulla of the horizontal semicircular canal. 

The Posterior Wall : The posterior tympanic wall presents 
the opening of the tympanic cavity into the antrum mastoideum 
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above. This opening is found at the same level as the adite 
ad antrum. The roof or superior boundary of the one being 
continuous with the roof of the other. The floor of the antral 
opening is marked by a protuberance of the facial canal. 

The posterior tympanic wall furthermore presents an elevation 
— the eminentia pyramidalis — within which the stapedius muscle 
is situated. The eminentia pyramidalis is both on the laby- 
rinthine and the posterior-tympanic wall. Through its ramus 
it comes into relation with the facial nerve. 

Outer (Lateral) Wall : This is formed by the membrana 
tympani, and has been fully described in the chapter on para- 
centesis, Chapter II. 

The muscles, the ossicles, etc., of the tympanic cavity have 
been described in the chapters dealing with their respective 
surgery. A brief description of the facial nerve and its course 
through the temporal bone is necessary to understand the 
technique of the radical operation. 

The Facial Nerve : The facial nerve arises from the pons and 
with the auditory nerve enters the temporal bone at the internal 
auditory meatus. At first it lies to the inner side of the auditory 
nerve, and then in a groove above it ; filaments connect the two 
nerves in this region. At the bottom of the internal auditory 
meatus, the facial nerve enters its separate canal — the aquaeduc- 
tus Fallopii — and follows the turns of the aquaeductus until it 
emerges from the skull at the stylo-mastoid foramen. (See Fig. 
22 and Fig. 50.) 

After emerging from the temporal bone the nerve divides, and 
passes through the substance of the parotid gland to supply the 
muscles of the face. The point of emergence of the nerve is very 
superficial in the newborn and in young children, and may be 
injured when the primary incision is made. 

Its course at first is directed outward toward the hiatus Fal- 
lopii; it then bends rather suddenly backward, and runs along 
the internal or the labyrinthine wall above the fenestra ovalis, 
and inferiorly to the horizontal semicircular canal. Passing to 
the posterior tympanic wall below the antral opening, it turns at 
an angle and passes vertically to the stylo-mastoid foramen. 

Within the aqueduct it gives off the tympanic branch to the 
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stapedius and the chorda tympani nerve; at the hiatus Fallopii 
it forms a reddish sweUing— the geniculate ganglion. Topo- 
graphically, the facial nerve is in close relation with the fenestra 
ovaUs, at which point it is only separated from the window by a 
few lines. The depth of the nerve from the surface of the bone 
in the posterior tympanic and the posterior canal wall is esti- 
mated at from 18 to 22 millimeters. 

The Indications for the Radical : The indications for the 
radical operation have been based rather unscientifically upon 
symptoms and not upon positive diagnosis of disease. This has 
caused confusion and has obscured the results obtained by 
means of the radical operation. Hitherto we have promiscu- 
ously operated upon chronic mastoiditis, accompanied by per- 
sistent otorrhcea, without considering whether the mucous 
m(»rabrane alone was diseased or whether there existed a com- 
plication of underlying bone disease; Ukewise we disregarded 
the nature of the disease in the bone, i.e. whether it was tuber- 
cular or due to pressure necrosis from the ingrowth of epithelium 
or cholesteatoma. We compared the results obtained in all 
these conditions and estimated in toto the percentages of cases 
cured, that is, the number of cases in which we succeeded in 
stopping the otorrhcea; manifestly this is an error. To rectify 
such errors, before summarizing the indications for the radical 
oi>eration, a brief review of chronic suppurative otitis media is 
necessary. 

Otitis media suppurativa chronica can be divided pathologi- 
cally into two classes — the non-dangerous and the dangerous. 
The one threatens intracranial complications, the other does 
not, even when of many years' duration. The presence of the 
dangerous type demands radical operative measures. The diag- 
nosis between these two types of chronic suppuration is possible 
to a great extent from the otoscopic picture presented. 

Differential Diagnosis of Dangerous and Non-dangerous Otitis 
Media Purulenta Chronica : In a given case of chronic suppura- 
tive otitis media, when the perforation is so situated that any 
part of its margins — at one or other point — encroaches on the 
surrounding bony wall, especially when such a perforation is 
situated at the upper and the posterior quadrants of the drum. 
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then such a chronic suppuration is usually of the dangerous 
variety. (Figs. 23 to 26.) We classify under this subdivision 
those cases also in which the perforation is so large — a defect, 
in fact, that only a small free fragment of the drum remains, 
or where the entire drum has been destroyed, presenting the 
characteristic evidence of a freely exposed annulus tympanicus. 
Sometimes, in this class of case, the perforation is seen in the 
posterior superior quadrant, the drum seems to be detached 
from the annulus tympanicus; again, the pictm-e presented will 
show the annulus tympanicus partly destroyed — as Heine 
expresses it, "as if bitten away," and covered with granulations. 





Fig. 23. — Marginal Perforation. Tip 
of Umbo and Stapedo-Incudal 
Articulation Visible (Schematic). 
Dangerous Type. A, Remains of 
Drum. B, Perforation. 



Fig. 24. — Mareinal Perforation. 
Dangerous Type. A, Drum. 
B, Perforation Exposing 
Stai)e8. Incus Absent. (Sche- 
matic). 



Here we are justified in assuming a diseased condition of the 
bone, not only in the parts which we see destroyed, but also in 
the aditus and the antrum. This is especially true when the 
picture is accompanied by a free flow of pus, which immediately 
reappears after removal. Such cases, critically examined, will 
demonstrate the hammer and the incus as well as the lateral 
(outer) aditus wall to be necrotic. (See Figs. 23 and 24.) 

We classify as dangerous, cases where the malleoincudal articu- 
lation, either intact or partially or completely destroyed by 
caries, is visible through a large marginally situated perforation. 
(Fig. 23.) Portions of the ossicular chain may be absent, (Fig. 
24) ; often only the isolated head of the stapes is visible. The 
otoscopic picture of a dangerous case is more pronounced when 
parts of the annulus tympanicus and the lateral (outer) aditus 
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wall are destroyed by the necrotis process. Additional data to 
the necrosis of bone are obtainable through the intelligent use 
of a probe and from a cytological examination of the ear dis- 
charge. 

Perforations situated well within the limits of ShrapneWs 
membrane point toward an isolated involvement of the malleus 
head and the aditus walls. (Fig. 25.) 

Furthermore, in chronic cases, we interpret, a perforation 
within the limits of the membrana flaccida, with or without dis- 
turbances of the margo-tympanicus, as an expression of disease 
located in the aditus and more or less limited to its contents. 





Fig. 25. — Small Marginal Perfor- 
ation. Dangerous IVpe. A, 
Drum. B, Perforation Within 
Confines of ShrapnelPs Mem- 
brane. C, Process Brevis. (Sche- 
matic). 



Fig. 26.— Small Perforation (Dan- 

ferous Type) Situated Within 
limits of Shrapneirs Membrane. 
A, Dnmi. B, Perforation. (Sche- 
matic). 



Finally, we regard perforations situated at the upper pole of the 
membrana tympani as favoring the ingrowth of epithelium from 
the derma of the external auditory canal; these eventually 
develop pseudo, or true cholesteatoma, and when found these 
lesions are classified with the dangerous cases. (Fig. 26.) 

A persistent purulent otorrhoea usually of a distinct fetid 
odor is present in these cases. 

The non-dangerous middle ear suppurations are usually char- 
acterized by perforations centrally situated. That is, between 
the perforation itself and the annulus tympanicus there is pre- 
sented more or less drum membrane tissue. (See Figs. 27 to 
31.) It is in this type of case that we have the kidney-shaped 
perforations of various sizes, and occasionally even an entire 
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defect of the drum, with only a slight fringe of its tissue remain- 
ing at the annulus tympanicus. (See Figs. 27 and 28.) 

Through the perforation, the lining mucous membrane of the 
►tympanic cavity is seen in various stages of inflanmiatory reac- 





Fig. 27. — L a r g e Non-Dangerous 
Type of Perforation. A, Remains 
of Drum. B, Interior of Tym- 
panic Cavity Visible Through 
Large Perforation.- C, Hammer. 
(Schematic.) 



Fig. 28. — L a r g e Non-Dangerous 
Type of Perforation Showing 
Large Defect in Drum, B. A, 
Small Fringe Remaining of Drum. 
C, Head of Hanuner. stapes Ex- 
posed. (Schematic.) 



tion. At times, dark, red and swollen ; at other times, deviating 
but slightly from the normal. 

The secretions from the mucous membrane may be clear pus, 
which flakes in washing away, or the character of the otorrhcra 





Fig. 29. — Typical Non-Dangerous 
Perforation. A, Showing Re- 
mains of Drum. B, Large Per- 
foration. C, Malleus Head (Sche- 
matic). 



Fig. 30. — Large Non-Mai^gi^inal Per- 
foration, B, Situated High on the 
Drum, A. C, Head of Malleus 
Which is Drawn Out of Natural 
Position by Adhesions. (Partly 
Schematic.) 



may be muco-purulent. I have had a case of this type under 
observation for over a year, and the discharge in all this* time 
has never changed its character, nor have I been able to stop it, 
for reasons designated in the following: 
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The discharge in these mild non-dangerous cases is usually 
without fetid odor. Occasionally in cases where the external 
auditory canal has not been cleansed for some time, some fetor 
is appreciable, but after the first cleansing the odor ceases. This 
is especially noticed among children, where experience has 
taught that the fetor begins earlier; but here it ceases after 
the first cleansing, and does not 
recur as long as the canal is 
kept clean. 

The muco-purulent secretions, 
which produce otorrhcea in 
these cases, are the products of 
disease of the mucous membrane 
of the tympanic cavity or of the 
Eustachian tube, or they may 

. - 1 xi_ -i. J Fig. 31. — Medium Sized Non-Dan- 

emanate from both cavity and gerous '^pe of Perforation. A, 
lyi\yQ Drum. B, Perfdration. C, Head 

of Malleus. 

The otoscopic picture where 
the disease lies in the membrane of the Eustachian tube, usu- 
ally evidences the perforation in the anterior portion of the 
drum, and occasionally shows the tympanic orifice of the tube 
lying free within the limits of the perforation. 

Generally speaking, there is no danger of intracranial compli- 
cations in the class of chronic middle ear suppurations which we 
have designated, for want of a better name, as *' non-dangerous." 
Intracranial complications may follow when an acute involve- 
ment of the mastoid process is superimposed upon the chronic 
lesion in the tympanic and antral mucus membrane extending 
to form an acute purulent mastoiditis. On the other hand, cases 
classified as dangerous are so considered because they eventu- 
ally tend to produce intracranial or labyrinthine lesions without 
necessarily first causing an acute mastoiditis. 

After reasonable time and effort have been unsuccessfully 
expended in local treatment, the radical mastoid operation is 
indicated in all cases of chronic suppurative otitis media which I 
have classified as dangerous. 

Furthermore, the radical mastoid is indicated, when, during 
the course of a middle ear suppuration, general symptoms of 
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septic absorption, otherwise unaccounted for, make their appear- 
ance. 

When extensive exostoses appear in the external auditory 
canal, concealing the deeper-lying parts and hindering the appli- 
cation of rational local treatment and favoring pus retention, 
then the radical operation is indicated. 

The advent of sjonptoms from the facial or from the laby- 
rinth, or the first sign of intracranial complications during the 
course of a chronic middle ear suppuration, demands inmiediate 
surgical interference. 

The radical mastoid operation is also indicated in acute cases 
if, after a simple mastoid operation has been performed, fetid 
pus continues to flow from the middle ear in great quantities, 
or sjonptoms of pus retention occur. The flow of pus from the 
opened mastoid antrum and through the paracentesis opening in 
the drum is evidently insufficient. Here we resort to the radi- 
cal operation either to prevent the retained pus from breaking 
through the anterior tympanic wall and invading the carotid 
canal; or to prevent the passage of pus along the sides of the 
Eustachian tube to the neck ; or to prevent an infection of the 
jugular bulb through its roof — the tympanic floor. 

From the very onset a middle ear suppuration, especially in 
scarlet fever or in tuberculosis, may chronically involve all the 
middle ear spaces. The conditions present at the time of the 
simple mastoid operation will indicate that the procedure should 
be converted into the radical operation. 

Often a muco-purulent mastoiditis has run a chronic course 
without giving external evidences of its activity in the form of 
perforations, that is, the driim remains intact: again in cases 
where the otorrhoea is recurrent, the mastoid process gradually 
becomes converted into a compact mass of bone through a 
plastic osteitis. During or after the completion of this process, 
patients thus afflicted suffer intense pain, neuralgic in character 
together with aprosexia. Although no actual disease can be 
detected, either by palpation or by any other means of diag- 
nosis, the distress of these sufferers is such that they readily 
submit to surgical treatment. In the marked cases of this sort, 
the radical operation may advantageously be performed for the 
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evisceration of the compact bone. This seems to afford relief. 
H. Knapp (18). 

Finally, the radical mastoid operation is often necessary to 
permit the removal of impacted foreign bodies and to remove 
new growths. 

Counter Indications : In cases of chronic middle ear suppura- 
tion, with a free discharge of pus, it often becomes a difficult 
question to decide when to resort to major surgical measiu-es. 
We do not believe that every case of long-standing otorrhoea, 
even if it fails to yield to local measures should be subjected to 
radical operation. Otorrhoea is maintained in some cases by 
caries or bone necrosis, in other cases by a chronic inflammation 
of the lining mucous membrane of the tjonpanic cavity; when 
the disease is limited to the mucous membrane, we hold that the 
operation is not indicated. Heine considers it a technical error 
to perform the radical mastoid when only the mucous membrane 
is diseased, and the secretions come partly from the tympanic 
cavity and partly from the Eustachian tube. The radical opera- 
tion does not remove the disease from the tube or from all parts 
of the tjonpanic cavity ; for even after thorough curettement small 
areas of diseased mucous membrane will remain in the region 
of the Fallopian canal and stapes. To attempt the removal of 
these areas entails considerable risk of unpleasant sequelsB, and 
when, on the other hand, these diseased sections of membrane are 
left in situ, the operation fails to effect a cure of the otorrhoea. 

In such cases, even after securing epidermatization upon the 
healthy bone, the secretions continue to form from the tube and 
from sections of diseased mucus membrane, upon which no epi- 
dermis attaches itself, and the patients continue to have otorrhoea 
after the operation. These observations are substantiated by 
Heine's experience with this class of cases at Lucae's clinic in 
Berlin. In some of the cases occurring during my eariier opera- 
tive expaience, the radical operation failed in its object because 
I submitted unsuitable cases to the procedure. The otorrhoea 
win cease only when the diseased mucous membrane becomes 
healed throughout its entire extent. Furthermore, the same 
oomditioiiB which counter-indicate the simple mastoid operation 
bold good regarding the radical. (See Chapter VI.) 
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When to Operate : The length of time during which con- 
servative local measures may be continued is a matter to be 
determined separately for each case. Komer (3) recommends 
that the radical be performed as soon as the diagnosis of chronic 
bone disease is positively made. Others even attempt to cure 
evident bone necrosis by local measures. We believe, that 
unless the bone necrosis is very extensive, local measures— 
ossiculectomy and tympanic curettement — should first be em- 
ployed; if they fail to afford relief, we proceed to operation. 

We operate at once, when an acute exacerbation supervenes, 
or at the first sign of intralabyrinthine or intracranial involve- 
ment. Fever, pressure sensations in the head, distinctly local- 
ized, occipital headache, or nystagmus indicates immediate 
operation. 

Facial paralysis coming on during the course of a chronic mid- 
dle ear suppuration likewise indicates immediate operation, pro- 
vided no other reason for facial paralysis {Bellas palsy) is present. 
Where tuberculosis is suspected as being at the root of the 
middle ear trouble, facial paralysis is an especially significant 
sign, but in these cases, the paralysis is not always a precursor 
of meningitis. 

In necrotic bone lesions, or when cholesteatomatous masses 
are present in the middle ear spaces, the .operation is not imme- 
diately necessary. In unhealthy individuals, in ill-nourished 
children, or in adults sick with some intercurrent disease, the 
radical operation may be postponed, pending treatment of their 
general condition. During the interim, however, local care and 
strict supervision are necessary. 

Objects of the Operation : The object of the operation is to 
relieve the conditions outlined in the indications. The tech- 
nique is so devised that we are able to locate a small antrum, 
even in eburnized bone, safely widen it, without injury either to 
the facial or to the internal ear. We remove purulent foci 
easily, even when the sinus is far forward, and lay open and bring 
into view the greatest possible area of diseased bone. Finally 
we secure healing by covering the interior of the merged tym- 
panic-antral-mastoid cavity, with a layer of epidermis; this 
renders the cavity permanently open to inspection through the 
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artificially widened meatus, enabling us to watch for further 
evidence of necrosis or other signs of recurrence. 

Preparation of the Patient : The measures discussed in the 
chapter on the simple mastoid operation are employed in the 
preparation of the patient for the radical mastoid ; vide Chapter 
No. VI. 

The Bone Operation : The radical operation is divided into two 
parts: (1), the operation proper, and (2), the plastic flap opera- 
tion. These may be performed at the same or at different times. 

On the Adult : There are two methods of performing this 
operation, one devised by Stacks^ (19), and the other described by 
Zaufal, The maimer in which the end result is obtained constin 
tutes the difference in technique. The Zaufal technique, modified 
by various surgeons, is the procedure most generally employed. 
Experience has taught us that the Zaufal procedure is not suffi- 
ciently extensive, in that it does not recommend the removal of all 
or even the majority of the mastoid cells; hence Americans have 
modified the procedure by eviscerating all diseased mastoid cells. 

The^Stacke Procedure : Stacke makes his skin incision along 
the line of the attachment of the concha. The incision is cur- 
vilinear, beginning above the linea temporalis, over the fascia 
of the temporal muscle. A second small incision at right angles 
to the first runs forward toward the face, underneath the skin, 
which is pulled toward the front during this manipulation. The 
first incision is made through skin down to the bone, severing 
all soft parts, the second incision cuts only fascia and periosteum. 

The soft parts are now carefully retracted ; the skin and the 
I>eriosteum are pushed back over the mastoid process and the 
anterior wound lip is pushed forward. The membranous exter- 
nal auditory canal is now separated from its bony attachments, 
both posteriorly and above, being cut or torn off as close as pos- 
sible to the annulus tympanicus. The soft canal is now pulled 
out from the osseous meatus and pushed over toward the front. 

Our operative field now presents between the lips of the 
retracted soft parts. We see the osseous meatus, and looking 
down this canal, along its posterior wall, we recognize the mem- 
brana tympani, or its remains, and such portions of the ossicular 
chain as are still intact. 
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The next step in the procedure is the removal of the malleus, 
if this is still in situ. Grasping it with a thumb forceps, it is 
loosened from its attachments by a seesaw motion and readily 
removed. The lateral (outer) aditus wall (pars tympanicus) is 
now carefully broken away either with a Kerrison forceps or, as 
the European surgeons are still doing, with a small chisel. 

The removal of the posterior, osseous meatal wall is now 
begun. Stacke devised a protector to prevent injury to the 
facial nerve or to the horizontal semicircular canal. During the 
removal of this posterior meatal wall, the Stacke protector is 
placed in position. The protecting edge of the instrument 
is introduced under the posterior meatal wall, and the bone 
removed as the protector is held underneath it. The protector 
may be dispensed with when the Kerrison forceps is used. 

The posterior meatal wall is removed working from the exte^ 
nal auditory canal backward to the antrum. The intervening 
bony partition being gradually removed until the tegmen tym- 
pani can be traced at an even level with the tegmen antri. 

If the incus is still in sitUj it is now removed. The protector 
being pushed further toward the antrum, more of the posterior 
meatal wall is removed. The operative procedure on the bone 
closes by removing the overhanging cortex, and as much of the 
mastoid process as is found diseavsed. 

The plastic flap operation, to which we will revert below, now 
follows. 

Advantages of the Stacke Procedure : Stackers procedure pre- 
sents one absolute advantage over the more popular Zaufd 
technique, viz.y it is almost impossible to miss uncapping the 
mastoid antrum, even when this cavity has been greatly dimin- 
ished in size through eburnization. Those experienced in the 
use of the Zaufal method, do not consider that the Stacke mode 
of procedure is a surer way to safeguard the facial nerve or the 
horizontal semicircular canal from injury. On the other hand, 
the Stacke method offers a safer route to the antrum, when the 
sigmoid sinus is located far forward. Working from the canal 
backward, the vessel is not so apt to be encountered and per- 
haps injured as when the Zaufal operation is performed. We 
do not advocate the Stacke procedure, but limit its employment 
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to such cases where anatomical difficulties arise when we try to 
perform the radical in the other manner; or when an absolute 
osteosclerosis is present, and in consequence thereof the mastoid 
antrum is exceedingly small. Even in the latter contingency 
we have not often been compelled to employ this method. 

The Zaufal Operation : The primary incision coincides with 
that employed in the simple mastoid. It is curvilinear, sepa- 
rated i cm. from the auricular attachment, which it parallels 
in its course, and extends from the upper pole of the auricular 
attachment to the lower margin of the mastoid tip. 

When operating upon a case presenting an acute exacerbation 
of a chronic otitis media purulenta, if there is great infiltration 
of the soft parts, or if a subperiosteal abscess is present, then it 
is advisable to thoroughly clean out the principal foci of the 
infection first. The parts are then thoroughly washed with 
antiseptic solution, and the bone operation proper, begins. 

The incis on should be carried by one sweep through all soft 
parts down to the bone. 

The soft parts are now retracted forward and backward 
respectively, similar to the method described for the simple 
mastoid operation. 

Operative Field : The operative field now presented is bounded 
above by the exposed linea temporalis or its continuation back- 
wards; the anterior boundary is made up of the anterior meatal 
wall, and the posterior boundary is a perpendicular dropped 
from the linea temporalis to the posterior margin of the mastoid 
tip. (See Fig. 14 and Fig. 15.) 

The posterior wall of the membranous auditory canal is now 
carefully separated from its bony attachment by a blunt instru- 
ment. The membranous canal is then either pushed toward the 
front and held there by retractors, or is threaded — a prpcedure 
in vogue at the Manhattan Eye and Ear Hospital, New York. 
This consists in introducing a thin strip of gauze, or a piece of 
sterilized tape into the meatal orifice and pulling it through 
the tympanic end of the canal by means of a thumb forceps. 
The tape is then pulled through between the osseous canal and 
the soft meatal wall ; thus threaded the canal is drawn toward 
the front and given over to the care of an assistant. 
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We are in the habit of tearing the membranous canal from its 
osseous attachment; it separates at the juncture of its osBeous 
and its cartilaginous portions. It may, however, be cut doae 
to the annulus tympanicus, as recommended by Stacke. 

Zaufal and, following his lead, many of the European sur- 
geons {Heine), next proceeded to remove the posterior meatal 
wall, and after this, open into the antrum, gradually working 
backward over the cortex. 

We defer the removal of the posterior wall until the antrum 
has been opened and the diseased mastoid cells eviscerated. 

Following the principles laid down in the previous chapt-er, we 
proceed to open the mastoid antrum, leaving a shell of bone as 
the posterior meatal wall. (See Fig. 16.) When the antrum is 
large its communication with the tympanic cavity is easily 
visible. We remove all the overhanging cortex and eviscerate 
the diseased mastoid cells from the tegmen antri to the mastoid 
tip and to the inner tablet. The mastoid tip is removed when 
found to be diseased. In these procedures, we follow the direc- 
tions given in the previous chapter. The same dangers to the 
dura and to the sinus are to be apprehended as in the perform- 
ance of the simple mastoid. Having eviscerated all the dis- 
eased areas in the mastoid process, we now proceed to remove 
the posterior wall of the external osseous meatus; it has been 
our custom to employ a chisel for this purpose. 

We select a point on the meatal wall so high up that were it 
continued down to its tympanic end, it would cut the bone 
almost at the junction of the tx>gmen and the posterior meatal 
wall. We first make a vertical indentation, and then placing 
the chisel a little below and behind the indentation, holding it 
at a very acute angle to the bone surface we remove small, 
wcnlge-shaped pieces of bone. As we approach the depth and 
near the tympanic region we proceed with greater caution. 
Thus the bridg(» of bone separating the tympanic cavity from 
the opened mastoid cavity, is broken through at a point higher 
in level than that occupic^d by the facial nerve where it crosses 
from the posterior meatal wall to run bellow the horizontal 
si'ini-eiroular canal. RichanVa curett(^s are very efficacious in 
planing down irn^gularities in this wall; if working in the con- 
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verse direction, namely, from within outward, the Kerrison 
forceps is recommended. Whatever instrument is used, the 
objective sought is avoidance of injury to the facial nerve. The 
anaesthetist, or an assistant, should be instructed to watch the 
patient's face diu-ing this maneuver, to note any facial twitch- 
ing. At the first twitch of the face, all efforts at further re- 
moval of bone in this situation must be discontinued. We 
suspect the nearness of the nerve by an increase in the amount 
of bleeding at the point from which we are removing the bone. 
Increased bleeding, if from the neighborhood of the facial, 
comes from a branch of the stylomastoid artery and is to be 
considered as a warning of proximity to the nerve. 

The intervening bony bridge is now broken through, and all 
overhanging bone is removed toward the front of the upper 
limits of our cavity; the zygomatic root is cleared away, its cells 
are exenterated and the bone leveled off up to the level of the 
tegmen. 

It is not sufficient merely to break an opening through from 

the mastoid antrum to the tjonpanic cavity ; it is necessary that 

this opening be made as wide as possible ; to this end, the lateral 

aditus wall (outer) is removed. The level of the posterior wall 

in its lower portions is taken down, until it gradually presents 

itself only as a gentle rising crest. All irregularities are smoothed 

away by the sharp curette. Granulations and detritus are now 

cleared away from the tympanic and the antral cavities until 

the structures on the mesial (inner) wall come into view. The 

ossicles, or their remains, with the exception of the stapes, are 

removed with the granulations. 

In a certain number of cases, it is possible to save the anterior 
portions of the drum membrane intact. Heine recommends that 
this be done, so as eventually to tampon this fragment over the 
tympanic orifice of the Eustachian tube. We have usually 
failed in carrying out this recommendation. 

When the interior of the cavity has been cleaned, the Eus- 
tachian tube next engages our attention. The series of small- 
sized air cells usually about the tubal orifice are curetted away, 
and the orifice of the tube is also scraped for the purpose of 
starting up a reactionary inflammation to seal it. As yet, we 
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have no satisfactory procedure to accomplish this object. In 
cleaning out the tympanic cavity, the processus cochleariformis 
and the tensor tendon should be completely removed. This is 
usually readily accomplished, but rather easily overlooked. A 
few sweeps with the sharp curette and the elevation is leveled. 
If the tendon is still attached to the process, it should be care- 
fully pulled out with a thumb forceps. 

The tympanic floor is now lowered, the remains of the annulus 
tympanicus curetted away, and the floor of the external meatus 
is planed off until this presents a level contiguous with the floor 
of the tympanic cavity. When planing down the floor of the ex- 
ternal auditory canal to level it with the tympanic floor, the 
possibility of opening into the glenoid cavity and injuring the 
maxillary articulation should be remembered. The curette must 
therefore be used with caution when operating in this locality. 
In curetting the tympanic cavity, it is a safe rule never to use 
the curette working posteriorly and upward ; such handling of 
the curette tends to produce dislocation of the stapes. 

Toward the front from the oval window, the Fallopian canal 
enclosing the facial is usually very thin; and very often evi- 
dences defects or dehiscences in its bony encasement. The use 
of the curette here should be marked by great caution to pre- 
vent injury to the facial. When the nerve lies free, it is observed 
as a yellowish-red strand. It is in such cases that paralysis is 
developed after the operation, due usually to pressure of a tam- 
pon or secretions, when the curette did not accidentally injure 
the nerve. Such paralyses usually disappear in time. The cau- 
tious use of the curette or any other instrument is therefore urged 
when working in this region. 

When the operation is undertaken because of cholesteatoma, 
it is of the utmost importance that every vestige of the choles- 
teatomatous masses and its matrix be removed. In the earlier 
otological experience this matrix was permitted to remain, in 
the hope it would be converted into healthy epidermis. This 
result was not obtained; on the contrary, it tended to cause 
recurrences; therefore, we now recommend complete evisceration 
of the matrix in addition to removal of the cholesteatomatous 
masses. 
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When a cholesteatoma is disintegrated, usually as the results 
of an acute exacerbation of chronic purulency, the removal of 
the mass is easily accomplished. When, however, the disease is 
quiescent and the cholesteatoma is small, some portions of the 
matrix may escape notice. Sometimes the growth is seen in the 
external auditory canal ; in such cases, a careful inspection of 
the cavity is undertaken before the tampons are applied. 

The bone surgery complete, we have an irregular cavity 
bounded in front by the anterior meatal wall (see Fig. 32), 
above by the tegmen tympani and the tegmen antri, and con- 
tinued backward to the posterior margin of the cellular region. 
Posteriorly the wound cavity is bounded by the remaining shell 
of the mastoid process. Mesially, the inner tablet of the mas- 
toid process, covering the sinus, the cerebellum, and the cere- 
brum, are the boundaries in the mastoid region ; at the antrum 
and the tympanic cavity the horizontal semicircular canal Is 
visible, with the facial crest showing directly below it. At the 
tympanic cavity the structures of the mesial (inner) wall of the 
tympanic cavity are visible. (See Fig. 32.) The separated pos- 
terior membranous canal wall lies in the external auditory 
meatus attached by its anterior and its inferior walls to the 
osseous meatus. 

At the completion of the bone surgery, the wound cavity 
should be dried, and its interior minutely inspected. We note 
the condition of the semicircular canal wall ; the pressure effects 
of the cholesteatoma upon the labyrinthine capsule, or, as the 
case may be, where extensive caries has involved the facial 
nerve encasement, we carefully inspect the condition of the 
facial ridge. We likewise note the condition about the stapes, 
etc. Information thus gained is of great value in interpreting 
symptoms which may subsequently develop. I am in accord 
with Heine's views in holding that an opening discovered in the 
semicircular canal should be left undisturbed until symptoms 
referable to the lesion make themselves evident; Jansen and 
Kamer dissent from Heine in this regard. I have repeatedly 
noted such defects, inflammatory fistulse, and yet these cases 
fully recovered without any treatment after complete radical 
removal of the principal suppurating foci. I deprecate the intro- 
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duction of any mstrumcnt — probes, etc. — into the defect; by 
such procedures walled-off processes may become diffuse and 
acute labyrinthitis result. 

The Operative Procedure on the Infant and Young Child : The 
preliminary steps of the operation, the incision into the soft parts 
and their retraction are performed in the radical with the same 
precautions and mode of procedure as are laid down for the per- 
formance of the simple mastoid in the child. For the discussion 
of the landmarks guiding the various steps, see previous chapter. 
The mastoid antrum is first opened in the usual way and as 
much of its contents eviscerated as are found to be diseased ; the 
boundaries of the operative field are governed by the findings. 

The selection of the spot, on the posterior-superior meatal 
wall (in older children) ; and on the developing posterior portion 
of the OS tympanicum (in very young infants), where it is safest 
to break away the bone separating tympanic from antral cavi- 
ties — is of great importance, because of possible injmy to the 
facial nerve. Fig. 33 shows the relation of the facial nerve in 
the child. 

Our experience teaches us that the nearer we make the con- 
necting passage to the zygomatic root, the safer the procedure 
will be. The point selected is usually found to be situated 
directly above the position held by the malleus. The facial 
nerve at this point has passed into the deeper parts of the 
petrosal pyramid (Fig. 33), and is, therefore, beyond the reach 
of the chisel or gouge. (See Figs. 33 and 34.) 

The root of the zygoma is now broken down and removed, and 
the remaining parts of the ossicular chain, with the exception of 
the stapes, which we keep in situ, are taken from the tympanic 
cavity. The overhang from above is now removed with a biting 
forceps, and the connecting passage between the antrum and the^ 
tympanicus widened and cleared of detritus and pus. TK^ 
tympanic cavity is next cleared of its purulent or necroti^^ 
detritus. 

The orifice of the Eustachian tube is wide in infancy ar^^ 
early childhood, and the intervening plate of bone separatir^-^ 
the tube from the carotid artery is usually very thm, therefo^^^ 
the possibility of injuring the carotid artery must be kept S-^ 
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mind. Small-sized curettes easily enter the tubal opening, and 
if they are unskillfuUy handled, the blood-vessel suffers injury. 
This region should, nevertheless, not be neglected because of 
timidity in approaching it, for unless this part of the cavity is 
thoroughly cleansed, healing may not only be delayed but sup- 
puration may recur. 

The hypotympanum next engages our attention. It is char- 
acteristic of the tympanic floor to be very thin, and often to pre- 
sent bone defects, bringing the jugular bulb and the tympanic 
mucous membrane into direct contact. This occurs more often 
in infancy and childhood than we would suppose (23). (See 
Fig. 19.) 

The utmost care is called for in removing granulations, detri- 
tus and pus from this region. No sharp instrument should be 
employed until the surgeon is thoroughly satisfied that the bony 
floor is intact. We habitually clear away mast of the? granula- 
tioiLs and detritus by means of gauze wipes, and only after care- 
ful probing with a blunt-end probe, do we use the curette. Even 
then, the thinness of this bone calls for gentleness when using 
the curette. 

After the tjrmpanic cavity has been cleared of granulations, 
we finish the bone surgery by smoothing off all the irregularities, 
and JVC lower the spur of bone which remains from opening the 
antral and the tjrmpanic cavities. Standing out in sharp con- 
trast to the rest of the bone the facial canal usually comes into 
view, presenting itself hard and white against the surrounding 
red-colored bone. 

Radical Mastoid Operation Modified so as to Retain the Ossi- 
cles in Situ : In 1899, Kamer (3) stated that in certain selected 
cases, the radical may be so modified that both the membrana 
tympani and the ossicular chain are kept intact and in situ. 
Generally, this does not bring about good results {Komer), but 
in critically selected cases, t may find useful employment. 
Bryant (59) and Heath (58) recently have again advocated this 
modification of the radical, with the special object of retaining 
or improving the hearing. Where this procedure is to be em- 
ployed, it is important that no probes or other instruments 
be pushed through the membrana tympani. Every care must 
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be taken to keep the drum and ossicles untouched during all 
manipulations. 

Following the exposure and the indicated treatment of the 
antrum and mastoid cavity, after removing any granulations 
found located within it, Heath shapes the aditus so as to fit a 
cannula into it through which air is blown through the antrum 
and aditus to the middle ear. Should this passage be unusu- 
ally long, it is shortened by removing bone from its antral end. 
A plug is then introduced to keep the passage free from blood 
and splinters of bone. 

The perforation in the membrana tympani next receives 
attention; it is covered hy a tiny wet plug of cotton to keep 
foreign particles from finding lodgment in the middle ear. 

The major part of the posterior meatal wall is now taken 
away, parts of the upper and the lower canal walls are chiseled 
off if necessary, so that free access to the membrana tympani is 
obtained. Polypi or granulations are eviscerated, and where the 
granulations are present in the tympanic cavity they are 
removed through the perforation with a small thumb forceps. 

In removing bone near the tympanic cavity, the dangers to 
the facial are to be kept in mind. 

The plug at the antral end of the passage through the aditus 
to the tympanic cavity is now removed, and while the membrana 
tympani is under close observation, a blast of air is blown 
through the antral passage. 

Occasionally the perforation in the drum is too small to per- 
mit egress to the secretions from the tympanic cavity ; in such cases 
the perforation must be enlarged. If the perforation is situated 
in an unfavorable location (Heath), an entirely new opening may 
be made to facilitate the cleansing of the tympanic cavity of 
its contained secretions. 

A syringe is now attached to the cannula fitted to the antral 
opening, and the whole tympanic cavity irrigated by some bland 
antiseptic solution; this fluid is finally expelled by blowing air 
through the aditus. Plugs are now replaced at the antral end 
and over the perforation in the drum. Plastic flaps are then cut, 
modified to meet the conditions presented by the intact drum and 
the retention in situ of a portion of the posterior meatal wall. 
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The wound behind the ear is sutured, and the after-treatment 
is carried on through the cartilaginous meatus, which is enlarged 
sufficiently to permit the introduction of a drainage tube, about 
five-eighths of an inch in diameter. Heath advises a wet dress- 
ing, to \>e continued in diminishing sizes as long as external 
dressings are needed. 

The operation having rendered the whole tympanic membrane 
visible, and having kept the tympanic cavity covered, the after- 
treatment is found to be less painful than under usual circum- 
stances. .. The day after operation, the dressings and the drainage 
tube are removed, and the entire cavity cleansed and dried. 
The patient blows air through the middle ear by the Valsalva 
method, while the drum is under observation. Any discharge 
thus expelled is wiped away. The cannula is now introduced 
through the meatal opening and placed in the aditus, and air is 
blown through the aditus into the tympanic cavity. The drum 
membrane is watched during this procedure. Any discharge 
thus expelled is cleaned away. The condition of the hearing is 
now examined and noted. At each dressing the hearing is ex- 
amined ; Heath reports an improv(5ment already apparent at the 
first dressing. 

The cavity is dried, the drum membrane cleansed, and any 
granulations requiring attention removcnl ; the cavity is covered 
'With an iodoform emulsion, the drainage tube replaced, and the 
dressings reapplied. 

We have had no experience with this method ; Heath reports 
Yiaving used it in ten cases, in all of which marked unprovement 
in hearing resulted. 

It seems to the writer that in specially selected cases, where 
%he disease is hmited to the aditas and to the immediate neigh- 
Ixirhood of the antrum, and where, moreover, the chronic puru- 
lency has not been of too long a duration, that this method 
might be available. Where extensive necrotic changes are evi- 
dent at examination of the drum membrane, it would seem that 
this method hardly met the requirement for radical mastoid 
surgery. On the other hand, the improvement in hearing is a 
consideration of great importance, and would at least encourage 
further efforts along the lines advocated by Heath. 
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Operative Findings : As a rule, unlike the acute cases, we do 
not find pus in great quantities or under pressure during the 
radical operation. When a large amount of pus is present it 
denotes an acute exacerbation of a chronic process or the pres- 
ence of a broken-down cholesteatoma. Necrosis of bone, usually 
surrounded by rather hard compact bony areas are the usual 
findings; these are interspersed with pus tracts running in vari- 
ous directions. Occasionally we find true bone sequestrae lying 
in a purulent cavity. These scquestrsB are of various sizes and 
shapes, and in their exti»nt oftentimes involve important struc- 
tures. We have seen the facial nerve imbedded in a sequestra, 
while an exfoliation of the entire labjrrinth has been reported. 

Often in chronic cases of long standing, dense, hard, smooth 
bone is found, with all its landmarks eradicated; the antrum is 
small, and the bone almost bloodless. This condition, desig- 
nated osteosclerosis (eburnization), while always observed in 
connection with long standing middle ear suppurations, has 
been held to Ix^ the result of a chronic suppurative process. The 
obstacles the dense bone presents to the location of the purulent 
tracts renders these cases important surgically. The ebumized 
layers of bone prevent the inflammation from spreading far 
beyond the antrum and resist its advancement toward the 
periphery. The purulent tract must then be sought for toward 
the interior; the operative finding of osteosclerosis is to be 
regardcMj as a prt^disposing factor of intracranial complications. 
Heine, however, reports that he has found osteosclerosis of the 
mastoid without its IxMng the seat of a purulent process. 

Accidents During the Radical Operation : The dangers to the 
dura and the sinus encountered during the performance of the 
radical are the same as those met ^ith in the simple mastoid oper- 
ation. In addition, we are now confronted with possible injury 
to the horizontal si^micireular canal and to the facial nerve. 
Less common are dangers to the carotid and the jugular bulb, 
although injury to the latter depends on the anatomical pecul- 
iarities of the lx)ny tympanic floor. When the horizontal semi- 
circular canal is opc^ntxl accidentally, a small bleeding point 
usually marks the position of the injurj\ Accidental injury of 
the s(»micircular canal is not dangerous, provided no infection 
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supervenes. When suppuration of the labyrinth occurs, unless it 
is quickly met by operative procedures meningitis ensues. The 
accidental opening of the semicircular canal is accompanied, 
even if the local injury escapes notice, by marked dizziness, 
especially when the patient is sitting up in bed; this symp- 
tom is usually noted as soon as the patient comes out of the 
anaesthetic. Nausea and vomiting accompanied by horizontal 
nystagmus, which is most marked when the eyes are turned 
toward the healthy side, are important clinical symptoms of 
injury to the semicircular canal. These symptoms usually sub- 
side in uncomplicated cases, under rest in the horizontal position; 
the vomiting disappears first, successively followed by a diminu- 
tion in the dizziness and the nystagmus. The dizziness will 
usually disappear in from eight to fourteen days; a slight nys- 
tagmus may last much longer. All the symptoms continue for 
a longer period, if inadvertently, the injured spot on the semi- 
circular receives pressure from a too tightly applied tampon. 

The unintentional opening of the labyrinth itself may occur 
during the cleansing out of the tympanic cavity, from disloca- 
tion of the stapes and rupture of its annular ligament. Such 
opening may accidentally be made in cases where extensive bone 
destruction is present and exact orientation is impossible or 
where the removal of detritus and granulations from the tym- 
panum is performed without sufficient illumination. The coch- 
lea under these conditions may inadvertently be opened. 

Exact orientation in curetting away tympanic and antral 
detritus, under proper illumination, will generally avoid this 
danger, and scrupulous asepsis will lessen the chances of unpleas- 
ant sequelae when the accident happens. 

In taking down the posterior meatal wall, the facial nerve is 
usually endangered, especially when the last small bridge sepa- 
rating the antral from the tympanic cavities is removed. The 
technique given has been devised with a view to obviate this 
danger. The clinical symptoms of facial injury is paralysis of 
the facial muscles, which are suppUed by the branches of the 
facial nerve. 

If the nerve is simply cut across, healing has been known to 
take place after years; where loss of nerve substance has resulted 
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from careless use of chisel or curette, the paralysis is usually per- 
manent. An artificial anastomosis of the distal end of the nerve, 
outside of the stylomastoid foramen, either with the hypoglossal 
{Kortey 20) or the spinal accessory {Glucky 21) is a procedure 
recently devised to cure this condition. These procedures will 
be discussed later. 

When the injury to the facial nerve is external to the Fallopian 
canal, we note a paralysis of the muscles of the face only. When 
in addition to the paralysis of the muscles of the face, the muscles 
of the external ear evidence paralysis, then the injury to the 
nerve is usually situated within the Fallopian canal, at a point 
below that at which the chorda tympani leaves the facial. If 
the facial is injured between the point where the chorda tym- 
pani is given off and the nerve to the stapedius, then we wiU find 
clinically, in addition to the paralysis described above, an aboli- 
tion of the sense of taste on the lateral half of the anterior two- 
thirds of the tongue, and diminution of the saUvary secretion on 
the diseased side. Injury to the facial nerve, between the point 
of origin of the stapedius nerve and the geniculate ganglion, 
gives the same s3miptoms as afcove, but in addition, there is 
usually an abnormal acuteness of hearing {Ross, 57). 

The carotid artery may suffer injury when the curette is care- 
lessly used in the region of the t]]fmpanic orifice of the Eustachian 
tube. The artery runs along the anterior t3mipanic wall, being 
separated from the tube by a thin wall. 

More frequently the plexus of veins surrounding the carotid 
is injured. Fear of this accident must not deter the surgeon 
from carefully cleaning this region of all disease, otherwise the 
eradication of the, purulent process will not be attained. 

If the injury to the artery is simply a tear in its outer coat, a 
sterilized tampon placed over it will usually suffice to control 
the hemorrhage. If, on the other hand, the entire coat of the 
artery is completely torn open by the cm-ette, with consequent 
imcontrollable hemorrhage, the ligation of the internal carotid 
becomes a necessity, before the bone surgery on the mastoid 
often can be satisfactorily completed. It is a relatively infre- 
quent occurrence. 

The jugular bulb, lying directly beneath the tympanic floor. 
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is liable to injury from careless use of the curette in cleaning out 
the tympanic floor — the hjrpotympanicus. The bony partition 
is often very thin, presenting dehiscences, which leave the bulb 
in direct contact with the tympanic mucous membrane. When 
the bulb is injured by being accidentally opened, a tampon is 
sufficient to control the bleeding for the time. This tampon is 
left in place. If uncomphcated by supervening septic thrombi, 
the case proceeds uneventfully. When compUcations from the 
sinus or jugular supervene, they must be met by appropriate 
procedures. 

Faults of Technique: The errors of technique during the 
radical operation are usually not so much faults in the procedure 
as faults in incomplete maneuvers. The radical mastoid opera- 
tion is a major operation, and to be successful must necessarily 
be extensive. A thorough knowledge of the anatomy of the 
parts and their inter-relations is conducive to thoroughness. 
All diseased bone must be removed. 

It is a fault of technique B9t to widely open the aditus ad 
antrum, to remove all overiMuig and to lower the posterior 
meatal wall as much as possiiife. 

The lowering of the posteriw meatal wall becomes important 
during the after-treatment, and overhang interferes with both 
after-treatment and dressings. In this connection it is well to 
call to mind a fault of technique to which Richards (22) refers, 
namely, the failure to remove completely the annulus tympani- 
cus. If this is permitted to remain, the process of cpidermatiza- 
tion is interfered with, as the course of the epithelium is directed 
and deviated from the cavity wall into the lumen of the cavity. 
The imderlying annulus acts as a flange, the summit of which 
projects the epithelium across the anterior wall of the tympanic 
cavity; this forms a more or less complete epithelial curtain, 
anterior and nearer the examining eye, than the actual cavity 
wall. Sometimes the curtain is almost complete; more often 
it presents a larger or smaller hole in its anterior segment. This 
is often mistaken for the tympanic tubal orifice. Only the com- 
plete breaking down of this curtain, and the removal of the 
annulus, will result in satisfactory healing. 

It is a fault of technique not to thoroughly destroy the tensor 
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tympani attachment and the processus cochlearifonnis. I have 
re-operated upon cases where this fault of technique &lone was 
the reason for the failure to attain recovery. Furthermore, all 
the conditions discussed imder the heading of accidents are 
usually due to faulty technique. In locating the antrum and 
working up on the mastoid process, the faults of technique dis- 
cussed under the heading of the simple mastoid are recalled to 
the reader's attention. Finally, it is a fault of technique not to 
follow up to its ultimate end each suppurative tract in the 
ebumized bone. 

The Plastic Flap : After complete removal of all the diseased 
bone, the final recovery of the patient from the pmident process 
depends upon complete epidermatization of the bone cavity which 
has been created. 

To accomplish this result, the epitheUum to line the cavity is 
obtained from the membranous external auditory canal; its 
outgrowth from the canal is fiurthered and stimulated by the 
cutting of flaps from the canal and by placing these advanta- 
geously in the bone cavity. Added to the epithelium obtained 
from such flap methods, Thiersch's skin grafts are sometimes 
employed to aid in lining the bone cavity. 

A brief description of some of the commoner forms of flaps 
follows: 

Stacke Flap (19) : It was Stacke who first suggested the em- 
ployment of flaps to partly fill in and epidermatize the bone 
cavity. The Stacke flap, as somewhat modified by Jansen, is 
made as follows: 

The concha is turned forward upon itself. With a narrow 
scalpel, a puncture is made from behind — that is, from the post- 
auricular wound, through the cartilagmous canal at its upper 
and posterior margin. As soon as the edge of the knife pene- 
trates, the concha is turned back into its natural place, so that 
the eye can see and control the knife as it protrudes in the 
meatal orifice. The performance of this maneuver under full 
visual control will prevent injury of the anterior meatal wall. 

The cut is now carried vertically downward, severing the 
skin in a line where concha cartilage merges into that of the 
external auditory canal. The entire procedure must be carefully 
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done, so that the knife does not leave this line, or a small piece 
of canal will remain attached to the concha and interfere with 
the after-treatment; or, on the other hand, the edge of the knife 
may inadvertently cut into the skin of the post-auricular wound. 

Free hemorrhage usually results from severed branches of the 
post-auricular artery. This is soon under control, however, and 
the next step in making the flap is undertaken. The second 
incision is placed at right angles to the one just described. It 
runs from it, along the posterior and the upper membranous 
canal walls, horizontally toward the tympanic end of the canal. 
We are in the habit of using a sharp scissors in making this 
incision, although the knife is used by many surgeons. 

The wound edges made by the first incision (Fig. 35 A-B) 
are held apart by mouse-toothed forceps, and the scissors are 
introduced from the meatal side, 
one blade going through the incision. 
The scissors are pushed up as high 
on the wall as the first incision will 
permit, and the membranous canal 
spilt open. The result is a large, ob- 
long flap. A, C, D, G, and a very nar- 
row upper one. The large flap is now 
thmned out, and turned downward ^,^ 35.-The Stacke Flap, 
and adjusted to the wall of the bone 

cavity. Experience has shown that this flap usually covers the 
crest which remains from the removal of th(5 osseous posterior 
wall and will extend a small distance behind it. 

The flap may be sutured into place, although we have found 
that tamponage properly applied will usually kec^p it in position. 

Tamponage of the wound through the large concheal orifice 
resulting from this flap next follows, and the post-auricular skin 
wound may either be closed at once or at such time as the sur- 
geon desires. 

The Panse Flap : The Panse flap is but a modification of the 
Stacke, just described. Instead of the second incision, which 
splits the canal open — being situated at the upper part of the 
canal wall, it is placed in the middle of the posterior wall. (Fig. 
36.) 
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Either the scissors or the knife may be employed to make the 
incision. We prefer the scissors. The incision, C, D, results in 
two oblong flaps, which, when thinned out as the conditions 
present at the operation may demand, are turned upward and 
downward respectively, and tamponed or sutured into place. 
We have always secured satisfactory results from the tampon. 

Both these flaps give sufficient opening into the surgical 
cavity, and have the advantage that but little external deform- 
ity results from their use. The flaps have been indefinitely 
modified. Hardly an otolpgical surgeon but has some favorite 
method of making a flap. To add another modification of the 
original Stacke: Jansen makes the original incision as described 
for the Stacke and the Pause. (Fig. 37, A, B.) Instead of plac- 
ing the horizontal incision at the upper or the middle of the pos- 
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Fig. 37.— Modified Panse. 



terior meatal wall, he places the second incision, C, D, as low on 
the posterior wall as it is possible to place it. This results in a 
large flap, B, C, D, and a small one. A, C, D. The large flap, 
after suitable thinning so that it is easily placed in position, is 
turned up and tamponed or sutured into place. The lower, 
smaller flap, is turned down against the lower bony wall. 

There is some advantage in making this kind of a flap when 
the disease is situated along the roof of the cavity, and when the 
mastoid exenteration has not been too extensive. 

The findings in the given case must govern the selection of the 
modification of the flap. There can be no hard or fast rules laid 
down to guide the operator in all cases. (See Fig. 38.) 

The Siebenmann Flap (24) : He modified the flap so that he 
secures a large orifice at the conchal end. (Fig. 39.) 
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His first incision is into the posterior canal wall at about its 
middle, and he meets this incision at the conchal end by two 
diverging incisions, reaching into the antihelLx. This Y-shaped 
incision forms three flaps, two oblong ones, C, B, D, and A, B, D, 
which are turned upward and downward respectively, and the 
third — an irregular triangular one, C, B, A, which is turned back- 
ward. The cartilage is taken out of the triangular flap and the 
others are thinned to meet requirements. Sutures are generally 
reqiflred to hold the triangular flap in position. The result of 
this flap gives a large conchal opening. In cases of cholesteatoma 
or malignant growths, this is an advantage, but we do not often 





Fig. 



-The Siebenmann Flap. 



Fig. 40.— The Korner Flap. 



find this flap indicated, as the resultant disfigurement is a distinct 
disadvantage. 

The Kdmer plastic, perhaps the most popular of the various 
flaps suggested, makes an oblong flap from the posterior of the 
membranous canal (see Figs. 40 and 41), which is then sutured 
or tamponed backward and upwards into the surgical cavity. 
(Fig. 40.) The concha is turned forward and the scalpel mtro- 
duced from behind, penetrating to the meatal orifice at the con- 
vergence of the canal with the concha at its upper extremity. 
The first incision, made either with knife or scissors, runs (A, B,) 
from this puncture at the upper posterior part of the canal, along 
the posterior superior border of the canal to its tympanic ex- 
tremity. Another — the second incision, C, D, is made parallel 
with this at the lower posterior border of the posterior mem- 
branous canal wall. Kdmer (3) states that the distance be- 
tween the two incisions should be between ten to twelve milli- 
meters. It is well, however, to make the incisions as far apart 
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as the conformation of the parts permits, because after thinning 
out the flap, shrinkage results. 

The incisions result is an oblong flap, A, B, C, D. The concha 
is returned to its normal position and the flap pushed through 
the conchal orifice. (See also Figs. 41 and 42.) 

The excess of tissue imder the skin is then carefully pared 
away, until the flaps present a suitable thickness. The thinned- 
out flap is now again pushed through the conchal orifice, and 
placed into the desired position, to be held in place either by 
suture or tampon. This form of flap is generally sutured into 
place, although in my own experience the tampon has been found 
sufficient to keep it in position. 

Suture of the post-feuricular wound follows. When it is 
thought desirable to have a large conchal orifice, the result is 
obtained by carrying the incision further forward on the conchal 
tissue, thus making the opening wider, when the flap is turned 
backward. A general rule regarding this flap is that the thinner 
it is made, the lighter the tampon required to hold it into place. 
Many reliable authorities have adopted this flap in preference 
to any other.* 

Before proceeding with the discussion of the after-treatment, 
we will briefly refer to skin transplantation, which is often used in 
combination with one or other of the plastic flaps to complete 
epidermatization or to render the after-treatment of shorter 
duration. 

Thiersch Skin Grafts : The grafts ar^ usually taken from the 
patient's thigh, which is rendered as aseptic as possible, before 
the procedure begins. The aim should be to secure as large a 
graft as possible. For this purpose a very sharp razor is em- 
ployed, and with one steady, slightly sawing motion, the blade 
held almost flat against the thigh, a large piece of tissue is taken. 
The piece is secured, and is carefully transferred to a broad, flat 
spatula, the transference being aided by moistening the blade 

♦There are many other plastic flap operations detailed in literature. 
Berens (25), AU (26), Delsaux (27), Caboche (28), Lw (29), Batey (30). 
BrOhl (31), Passow (32), Bench (33), and others, have written up their par- 
ticular procedures. It suffices to give only the most important, since the 
procedure undertaken is largely a matter of choice, and no given procedure 
presents practical advantages over the older procedures given in the text. 
vSee Holscher, 34.) 




FiQ, 42. — The KorTier riati (^ouiplftcti, 8hown in Situ. Tlie Totigtie of Skill 
is Held iu a Forcep. (Partly Diagraniniflitic.) 



PLATK XIV 



THE RADICAL MASTOID OPERATION 159 

and spatula with a few drops of normal salt solution. During 
this maneuver, the graft edges must not be permitted to curl 
under, and the skin graft must lie flat and even upon the spatula, 
all air bubbles or excess of blood being removed. The spatula 
having meanwhile been held in the right hand is now changed 
to the left and the graft transferred to the mastoid cavity, where, 
with a sharp needle, a pipette or a thumb forceps pressing upon 
one edge, it is carefully slid upon the spot which it is destined to 
cover. Excess of blood and all air bubbles must be carefully 
removed. 

Polilzer (35) has recently devised and now uses glass rods to 
transfer the grafts. These contain on one side a number of 
small holes. He makes his grafts from six to twenty days after 
the radical operation. He places the grafts on the rods and by 
means of a rubber tube and a hand bulb places them in position. 

As a general rule, the wound cavity should be as dry as pos- 
sible before the grafts are applied. Dench recommends packing 
the woimd with sterile gauze until the grafts are ready for 
transplantation. 

Air bubbles and blood are best removed from imder the graft 
edges by using a thin glass pipette, which, acting by suction, 
removes these impediments to successful graftmg. After the 
grafts are in place, they are maintained in position by gauze pack- 
ing impregnated with aristol, by iodol, or other antiseptic powder. 

While skin grafting, if successful, materially hastens the 
epidermization of the wound cavity, the most valuable result 
obtained from using grafts is the closure of the tympanic end of 
the Eustachian tube. To obtain this result, the grafts are placed 
so as to cover the tubal orifice. 

Technical Errors During the Plastic Procedures : When the 
bone surgery is completed, and the dura or the sinus has acci- 
dentally been exposed, it is better to wait some days before the 
plastic operation is imdertaken, although it cannot be considered 
a technical error to make the flap at once. If serious sequelse 
should result from such exposed areas the flap will have to be 
removed from the diseased parts to render them accessible 
to further treatment, and then cutaneous tissue is lost for 
subsequent use. 
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Komer docs not consider it an error to place the flap directly 
on the exposed sinus. We hold that it is better to wait until 
healthy granulations have sprung up on the exposed sinus 
before putting the skin flap into place. Regarding the acci- 
dental opening of the cranial cavity, the flaps can safely be tam- 
poned against the dura, provided this has been foimd healthy 
when exposed. If found diseased it is safer to wait until healthy 
granulations are present before making the plastic flap. 

It is a technical error to cut a plastic flap when the softer 
parts are infiltrated as, for example, in cases where the opera- 
tion was performed for an acute exacerbation of a chronic middle 
ear suppuration. In such cases, after the bone surgery has been 
completed, better results are obtained by waiting imtil the acute 
infiltration of the soft parts has subsided. 

When the flap is cut some days after the bone surgery is finished — 
any time after the first seven days — then a technical error is made, 
if the surgeon fails to freshen the granulations upon which the 
flap is to be placed. Furthermore, the lips of the post-auricular 
wound should be freshened, and the cutis separated from the 
underlying tissue for about J-inch along the entire extent of the 
wound lips. Neglect of this often results in failure to procure 
primary union after suture and, firm adhesion of the flaps. 

Failure of strict asepsis, or the slipping of the knife inad- 
vertently into the conchal cartilage may result in perichondritis. 
Cutting the flaps from the meatal orifice, with the scalpel pointed 
toward the mastoid wound, may result in accidentally opening 
an exposed sinus which was uninjured during the operation 
itself. The author has seen this accident happen. 

It is a technical error to place plastic flaps upon unhealthy 
bone, as the flaps will not become firmly attached. 

Choice of the Plastic : The choice of the plastic operation 
depends on the local conditions present. In infants and young 
children we prefer the Pause flap because the size of the parts 
renders the procedure the easiest to perform. The edges easily 
adapt themselves to the bone and the cosmetic after-effects are 
excellent. With a narrow external membranous canal, one of the 
modifications of the Stacke flap gives the best results. The 
Komer plastic is best suited to a wide canal. In this instance a 
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larger tongue of skin is obtainable. In cholesteatoma, or where 
a large meatal opening is desired, the flap should be modified to 
procure this end. The immediate or the subsequent suturing of 
the posterior auricular wound must depend upon the conditions 
present. In children, I have been in the habit of permitting 
healing by granulations, because the after-treatment is easier to 
carry out by this means. In adults, the decision is governed 
by the circumstances of the case. In cholesteatoma, it is safer 
to keep the wound open and permit healing by granulations. 

The kind of plastic operation chosen and the time of the 
suture of the post-auricular wound have Uttle bearing on the 
duration of the after-treatment necessary to procure complete 
healing. 

After-treatment : The after-treatment of the radical mas- 
toid begins with the application of the first dressing, immediately 
after the completion of the plastic steps of the operation, and 
lasts until healing is complete. The after-treatment of this pro- 
cedure is as important as the surgical operation, and many a 
well-performed operation fails in securing the sought-for relief, 
because the after-treatment has been carried out unintelligently. 

The object of the after-treatment is to secure cpidermatiza- 
tion of the wound cavity, and the conservation of as much of 
the hearing faculty as existed before operation; this second 
object is not always attainable. 

The manner of placing the initial tampon in the wound is of 
great importance. It should be Ughtly packed, if possible with 
one strip of gauze, whose end protrudes through the meatal 
orifice and is lost in the outer dressings. Too tight a tampon 
not only hinders drainage, but it may prevent the formation of 
granulations on the bony walls, and often it devitalizes the flaps 
made at the plastic operation, because of its pressure. 

Whether the post-auricular wound shall be sutured imme- 
diately after the completion of the bone surgery and the cutting 
of the flap, or whether this shall be done at some later time 
remains a question to be decided for each case. The flap may 
be cut and tamponed mto place with or without closing the post- 
auricular woimd. It depends to a great extent upon the condi- 
tions foimd at operation. If we are reasonably sure that all 
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diseased bone has been removed, and the after-treatment is 
likely only to consist in proper care of the advancing epidermati- 
zation, then suture of the post-auricular wound may at once be 
undertaken. On the other hand, in cases where the hereditary 
taint of tuberculosis or syphilis, or very extensive necrotic 
involvement has been disclosed by operation, the suture of the 
post-auricular wound had better be postponed to a later period, 
or dispensed with entirely. 

When healing of the post-auricular wound is brought about 
by granulation, a persistent post-auricular opening sometimes 
remains. The treatment of these openings will be considered 
below. In those cases in which the post-auricular wound is 
sutured immediately, the outside bandage may be removed at 
the end of ten to twelve days, or as soon as the external wound 
has healed. 

Generally the bandage remains in place one week. The outer 
dressings are removed to inspect the sutures, and watch for 
stitch abscesses or signs of local infection. The general rule, 
not unnecessarily to disturb a healing wound, should be borne 
in mind. 

Fever is usually absent, except in cases which evidence acute 
exacerbation, in these cases fever may be present on the day fol- 
lowing the operation. Toward the end of the week, a rise of a 
degree may be noted : this is generally due to absorption. The 
temperature charts herewith (Charts VI and VII) are typical of 
the fever curve of the uncomplicated post-operative periods fol- 
lowing the radical operation. 

Fever sometimes denotes local infection, and its presence, when 
at all persistent, calls for an inspection of the suture line. 

It is well to administer a general tonic and give sustaining treat- 
ment to undernourished, anemic individuals, and in such cases 
the patients are permitted to leave their beds as early as possible. 
We generally limit the rest in bed to the first five days, and increase 
the diet as rapidly as the general condition of the patient permits. 

The first dressing is undertaken at the end of a week or ten 
days, the second after four days, and thereafter the dressings are 
changed every second day, unless hypersecretion or other indi- 
cations call for daily dressings. 
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At the first dressing after the plastic operation, the cavity is 
minutely inspected. All its recesses are fully in view and the 
flaps should be found firmly attached ; granulations should have 
commenced to make their appearance on the uncovered bone 
areas. The secretions from the wound should be moderate and 
clean. If Thiersch skin grafts have been employed, a distinct 
odor is often noticeable. This readily disappears at subsequent 
dressings. The external wound should show healing by primary 
union. The stitches may be removed as soon as this is estab- 
lished. 

The wound is carefully cleaned and redressed. At the second 
or third dressings, the demarcation of the granulations from the 
sharp white seam marking the epidermis of the flaps is to be 
noted. At subsequent dressings, the extension of this line of 
demarcation over the granulating areas is a sign of successful 
after-treatment. Exuberant granulations at any part of the 
wound should be combated by suitable measures. 

It was formerly generally held that exuberant granulations 
were best held in check by applying a tighter tamponade. This 
has been disproved ; in fact, recent publications wherein reports 
are made on the after-treatment of the radical, show that excellent 
results are obtained without the employment of any tamponade. 
Stein (36) reports forty successful cases without any tamponade 
at all. 

After-treatment Without Tamponade : This method of treat- 
ment was first tried in 1898 by Zamiko (37), and later by 
Miihlen (38) and others (36). 

The insufflation of boracic acid powder into the wound cavity 
is all that is necessary in these cases. We have used this method, 
employing aristol instead of boracic acid, and placing a small drain 
in the meatal orifice only, and can speak well of the method. 

In a recent publication, after eleven years' experience, Miihlen 
(60) reports on the after-treatment of the radical without the 
use of tampons. In general, his results were very gratifying, 
and especially in regard to the restoration of functional activity 
in the operated ear. 

Eeman (40) leaves off the tampon after the fifth day, and fills 
the wound cavity with powdered boracic acid, gradually reducing 
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the amount of boracic acid employed untU only the imepiderma- 
tized places are covered with the powder. 

The advantage of this procedm*e is*that the changes of dress- 
ings are practically painless. It has the recommendation of 
Lermoyez (41), Delsaux (27), Caboche (28), and others. On the 
other hand, Lapie-Dupont (42), insufflates boracic acid and leaves 
off the tamponade only after the entire bone cavity is covered 
with granulations. Other methods have been advocated to 
limit the granulations. Thus Wamecke (43) and LatUenschldger 
(44) employ local application of hot air, to check exuberant 
granulations and advance epidermatization. 

In cases where epidermatization is tardy and no local impedi- 
ment to its advancement is to be found, Bondy (45) obtams good 
results from the local application of concentrated ethereal solu- 
tions of picric acid (1.0 : 10.0). The acid is applied after the 
parts are thoroughly cleansed. Its disadvantage lies in the in- 
tense pain caused by its application. This, however ceases as 
soon as the ether has evaporated. To hasten evaporation, air 
is blown into the wound. This treatment is administered every 
second day, and during the intervals, the wound is kept dry by 
insufflation of boracic acid or dermatol. 

When this plan is adopted the wound secretions rapidly lessen 
in amount, and exuberant granulations disappear, while the 
wound surface rapidly becomes covered by epithelium. 

In a certain number of cases, after thoroughly cleansing the 
wound cavity, we have been very successful in checking exuber- 
ant granulations by applying orthochlorophenol, followed by 
absolute alcohol; but in the majority of our cases we simply 
change the soiled for a clean dressing, and kept the wound surface 
dry. This has yielded good results. Very often, after epiderma- 
tization has taken place on one section of the wound cavity, de- 
struction of the newly formed epidermis takes place, due to the 
action of the wound secretions from other parts of the cavity. To 
prevent this, the recommendation of BrvM (46), namely, to cover 
the newly formed epithelium with zinc ointment, deserves men- 
tion. We have used lanoline with excellent effect for similar 
purposes. 

Dermatitis of the meatal orifice or surrounding tissue, often 
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results from faulty asepsis, but occasionally this condition is 
due to the action of the secretions. Regarding dermatitis, the 
deleterious effects of iodine should be remembered. We dis- 
pense with, iodoform after the first dressing, substituting either 
plain gauze or boracic acid, or aristol insufflations. In children, 
we entirely dispense with iodoform gauze. 

Our own procedure in the local after-treatment of the radical 
operation is extremely simple. We check any tendency ' to 
exuberant granulations by any of the above-named measures; 
we change the dressings every second day, and unless the secretions 
are exc^ive, we wipe the cavity clean with dry or moist wipes 
— moistened in normal salt solution. The tamponade after the sec- 
ond week i^ very light; usually in cases progressing satisfactorily 
we content ourselves with placing a strip of plain gauze in the 
meatal orifice, and extending it to the antral opening. Previous 
to the introduction of this tampon, aristol is insufflated. We 
have already indicated how granulations are kept within bounds. 

When the secretions are excessive, we instill hydrogen peroxide, 
and follow this with 95% alcohol. This usually gives satisfac- 
tory results. Where granulations are indolent, general systemic 
treatment, an outdoor life, and nutritious d et are indicated, 
together; with the local application of balsam Oi Peru and castor 
0^ iti equal parts. One or two applications of the latter are 
usually sufficient to stimulate indolent granulatio.\s. 

. ttestdts of the After-treatment : The length of time required 
for healipg is different in every case. It is manifestly unfair to 
compare the^ resulte obtained from a procedure which in itself 
is the satnei biijt i^hich is employed to cure different diseases in 
ttie temporal Ijone. In gederal, the best results are obtained in 
from six to i^ght weeks. Many cases are under treatment for 
mbnt^i^and s6me fw years, before final recovery can be pro- 
npimced. This is especially the case in undernourished chil- 
dren and in adults debilitated from general disease, and it is an 
especial feature of tuberculous mastoiditis. The average dura- 
tion of the after-treatment is between three and four months. 
Charts VI and VII show the usual temperature curves observed 
after successful operation. These charts were taken at random 
and are fairly typical. 
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Chart VI. — ^Typical Temperature Chart of Post-operative Period After 
Successful Kadical Operation. It Shows a Low Febrile Movement. 
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Chart VII. — ^Typical Temperature Chart of Post-operative Period After 
Successful Radical Operation. 

Unusual Happenings During After-treatment : The determin- 
ing factors in the success of the after-treatment are to a certain 
extent the findings at the time of operation. A lesion may thus 
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be uncovered from which no healmg can reasonably be expected. 
As instances of such findings we cite the following: 

Often at operation, a pneumatic mastoid is uncovered. It is 
then necessary not only to eviscerate all the diseased cells, but 
also to extend the field of operation to include many healthy 
ones. Unless all these healthy cells are carefully smoothed ofif, 
it later happens, after the epidermis has crept over the bared 
bone areas and the final contraction of the new tissue has taken 
place, that irregularities begin to be apparent under the newly 
formed epidermis. This epidermis sometimes ulcerates over the 
small, sharp edges which are the remains of intra-cell walls, and 
sometimes a secondary curettement is necessary to smooth these 
irregularities away and to prevent a recurrence of the purulent 
condition in the middle ear spaces. 

Furthermore, even when due care is exercised to remove all 
diseased bone, infected Haversian canals yet persist in parts 
of the remaining portions of the temporal bone, from which, at 
times, a fetid secretion exudes. This infection of the Haver- 
sian canals may also cause febrile symptoms. More com- 
monly, however, the erosive action of the secretions destroys 
the advancing epidermis. The condition is combated by fre- 
quent changes of dressings, antiseptic powder insufilations, and 
energetic local treatment by orthochlorophenol and absolute 
alcohol. 

Healing and epidermatization are often delayed by the pres- 
ence of fairly large necrotic areas, to which the epidermis will 
not attach itself permanently. Sometimes these areas are not de- 
monstrable macroscopically. They are generally situated on the 
promontory. The treatment of this condition lies in the removal 
of the areas of necrosis as far as possible. In cases where the 
promontory -is extensively involved, and the patient is simply 
suffering from secretions from this area, it is well not to indulge 
in too extensive a curettement, since such a procedure may inad- 
vertently open the cochlea and lead to unpleasant sequelae. 

Finally, in some cases we are unable to eviscerate all the 
diseased pneumatic cells, especially those which are grouped 
about the labyrinth, and which stretch inward toward the 
pyramid. Furthermore, there are cells grouped about the 
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tympanic orifice of the Eustachian tube, some of which cannot 
be reached and removed. 

Technical errors made during the operative procedure often 
cause unusual results during the after-treatment. 

The most frequent error of this kind is the insufficient opening 
of the diseased air spaces. We have referred to these errors of 
technique above. Summarized briefly they consist in failure to 
remove all overhang, especially at the outer (lateral) wall of the 
antrum and tympanic cavity, and in planing down the spur left 
in removing the posterior osseous mcatal wall. There should 
remain of the latter only enough to cover and protect the facial 
nerve. Sharp corners, angles or bone irregularities halt epi- 
dermatization, and throw the epithelium into folds, and tend 
to cause retention of secretions during the after-treatment. 

Failure to maintain the same aseptic precautions after opera- 
tion as during the operative procedures, is the cause of many of 
the accidental findings during the post-operative period. The 
patient's hair is the most potent origin of the post-operative 
infections, especially among women. 

These local infections halt epidermatization, and if of severe 
type, often destroy the newly formed epidermis. Infections are 
manifested clinically by fever, discolored granulations, viscid, 
sticky secretions, often having a fetid odor, and eczema of the 
lips of the wound. Often there are present swellings of the 
neighboring lymph glands, either in the fossa retro-maxillaris, 
or in the stylo-mastoid region. Komer caUs attention to swell- 
ing of the glands in the latter region, which by pressure upon the 
facial nerve at its point of emergence from the skuU, results in 
paralysis of the muscles of the face. 

This condition is prevented by maintainmg asepsis during 
the entire post-operative period. When infection • occurs it is 
treated by application of antiseptics, by wet dressings, fre- 
quently changed, and by the application of astringent solutions, 
of which nitrate of silver in from 5 to 20% have proved to be the 
most serviceable. 

Perichondritis, a special form of local infection, takes place 
from faulty technique in making the plastic flaps, and also from 
subsequent infection. Heine has observed perichondritis during 
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the fourth and the sixth week after the operation. In these cases 
in addition to the symptoms of local infection, we have swelling of 
the concha along the infected area, and sometimes pus formation. 
The patient usually complains of a burning sensation or distinct 
pain in the affected area. Cosmetic deformities are the usual 
sequelae of extensive perichondritis. Finally, a determining 
factor in inducing impleasant sequelae during the after-treat- 
ment is to be found in the faulty use of the tampon. 

Epidermatization is halted by too tight a tampon. Plastic 
flaps are sometimes devitalized by pressure, and granulations 
are thus kept entirely in check or completely retarded in their 
growth, so that healing is indefinitely delayed. 

Summarizing the factors unfavorably influencing the post- 
operative period, we find that delay in securing healing occurs: 

1. Through unfavorable operative findings, from which no 
recovery is to be expected; 

2. Through technical errors during the operation; 

3. Through failure to maintain asepsis both during and after 
the operation; and finally 

4. Through misdirected zeal and purposeless after-treatment. 
Estimation of Results of the Operation : In a proper estimation 

of the results of the radical mastoid operation, the disease in the 
temporal bone for which the operation was performed should enter 
into consideration. To tabulate the results from a number of 
operations without considering the diseases for which each was 
performed is manifestly an error. 

The computation of results, obtained from operating on a 
series of mastoids presenting various pathologic lesions, and 
having only one symptom — persistent otorrhoea — in common, 
and from such figures to report percentages of success and failure 
on the question of cessation or recurrence of the otorrhoea, is an 
evident fallacy. 

A glance at the indications for the operation will reveal the 
diverse conditions for which it is performed. The operation is 
performed for cholesteatoma, tuberculosis of the temporal bone, 
for purulent middle ear suppuration involving only the mucous 
membrane, as well as for necrosis of bone in suppurating middle 
oar disease, and to estimate results, each classification of middle 
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ear disease should be separately considered. The cessation of 
the otorrhoea is a separate question. 

Aside from failures due to faulty technique, we obtain excel- 
lent results from the operation when it is undertaken to evis- 
cerate necrotic areas in the aditus and the tympanic cavities, or 
the mastoid cells. When necrosis involves the promontory or 
the temporal p3rramid, the results are usually bad, and recur- 
rences of the symptoms are common. In the latter class of 
cases, we may lessen the danger of unpleasant sequelse by the 
large drainage opening we make, and the accessibility of the 
parts to subsequent treatment; but the otorrhoea will persist 
in the form of wound secretions for an indefinite post-operative 
period. In such cases it is well, if the diagnosis of the condition 
can be made before operation, to inform both patients and friends 
that the operation is not undertaken to cure the "running ear," 
but to render subsequent treatment easier. 

Dtorrhcea, occurring in cases which present necrosis of bone 
in the tympanic or the antral cavities and in the mastoid process 
— usually ceases promptly upon the completion of epidermatiza- 
tion. The most brilliant results are obtained in this class of 
cases. In tuberculosis of the temporal bone, if the disease has 
been radically eviscerated, both recovery from the otorrhcea and 
the prevention of recurrence are good. The rapidity of healing 
will depend upon the general condition of the patient and the 
extent of other tuberculous foci. In these latter cases recovery 
is usually slow. 

In cholesteatoma of the middle ear and of the mastoid, the 
recovery depends upon the area involved and the thorough- 
ness with which all traces of the growth are eradicated. The 
otorrhoea usually ceases promptly upon the completion of 
epidcrmatization. 

Recurrences of the cholesteatoma are, however often observed, 
although there are cases reported where cure has resulted from 
the primary operation. In any event, the danger of a cho- 
lesteatomatous mass developing to large proportions is lessened 
after a radical has been performed, as then the cavity is in sight, 
and can be kept under observation at stated intervals. 

In cases where the radical operation is performed for a per- 



THE RADICAL MASTOID OPERATION 171 

sistent purulent otorrhoea, the symptom of a chronic inflamma- 
tion of the mucous membrane of the middle ear often associated 
with a similar condition of the mucous membrane of the Eus- 
tachian tube, the results of the operation are generally bad. 
The otorrhoea is not influenced by the operation, and because it 
is impossible to remove all the diseased mucous membrane 
from the tympanic cavity — especially aroimd the labyrinthine 
windows and the Eustachian tube — the membrane re-forms, and 
during its regeneration, it becomes diseased by contiguity from 
the diseased areas in the Eustachian tube or about the laby- 
rinthine windows. The otorrhoea, which is the external evidence 
of the secretions from the diseased mucous membrane, naturally 
continues. 

In such cases, Heine goes so far as to declare it a technical 
error to operate at all. We hold, however that the diseased mem- 
brane is more accessible to local treatment after the radical pro- 
cedure is performed. Furthermore, both patient and his friends 
should be made distinctly to understand that the operation is 
not imdertaken to cure the otorrhoea, but rather to render the 
middle ear more accessible to treatment. 

On the Hearing : The radical operation plays but a small 
r61e in either favorably or unfavorably influencing hearing. 
The amount of hearing retained after operation depends to a 
great extent upon the amount of hearing previously possessed 
by the patient. 

In cases where deafness is due to ankylosis of the conducting 
apparatus, the hearing faculty may be keener after the opera- 
tion than before. An increase in the amount of deafness after 
operation is usually observed in cases where the ossicular chain 
was functionally active before operation. 

Where adhesive bands form about the stapes, impairment of 
hearing is greater after operation. In osteosclerosis, deafness is 
often increased after operation; this is said to be due to the shock 
the labyrinth receives from the unavoidable use of the hammer 
and chisel during the operation. In these cases a certain propor- 
tion show an improvement in hearing after a lapse of time. In 
specially selected cases the Heath method of procedure seems 
favorably to influence the hearing {Heath, 58). 
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Results of the Radical : Of 200 cases operated in Schwartze^s 
clinic, Grilnert (47) reports that 99 were cured. He designates 
37 as not healed but *'dry''; these occasionally demonstrated 
crusts and uncovered arid unepidermatized areas. Among these 
he cites the cases in which he does not consider sufficient time ha^ 
elapsed to warrant any conclusions as to the results obtained; 
he also includes a large number of cholesteatoma cases. He 
reports 34 cases unhealed and 11 deaths (5.5%). Of these 
deaths, 10 died of intracranial complications, symptoms of which 
were aheady evident before the radical was undertaken. One 
died of meningitis during the post-operative period, and 19 
cases were unaffected one way or the other by the operation. 
In 71 cases, the hearing was improved 39 times; it was found 
to be worse after operation 4 times. He reports, that where 
the labsrrinth was intact, the hearing usually improved after 
operation. 

Stacke (19) reports 100 cases with 94 cures; among the 6 
unfavorable cases there were 3 deaths of complications which 
had no connection with the operation. One case was not cured. 
The other 2 cases were unfinished at time of his report. He 
reports that the hearing was improved in 31 cases; it was worse 
in 6 cases, although only in 3 of these was it very much worse, 
and in 49 cases it remained unchanged. In 14 cases no record 
of the hearing was made. 

Trautmann (48), and also Mutter (49), have obtained about 
70% of cures. The former reports 71 cases in which 24 times 
there was no noticeable difference in the hearing (whisi>er voice 
test) after operation. Improvement was noted in 25 cases, and 
2 were not examined in this regard. The hearing was found to 
be worse after operation 20 times. According to Komer (3), 
the hearing is generally improved if the labyrinth remains 
intact, while Poliizer (50), and also HammerscKlag (51) find that 
the operation does not influence the hearing either for better or 
for worse. 

Grossmann (52), reports 212 radical operations from the service 
of my former chief. Professor Lucae. He finds the hearing im- 
proved in 93 cases (43.8%). Fifty-one cases (24.1%) showed 
the hearing to be worse after the operation, and 68 cases, or 
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32.1%9 demonstrated no difference in the hearing after the 
operation. 

Grossmann states that where the hearing is very good at the 
time of operation, it is apt to deteriorate after the radical. The 
changes in hearing were only noticeable a considerable time after 
operation. 

Finally, the hearing is worse after operation where mem- 
branous folds are formed, during the post-operative period, 
shutting off the mesial tympanic wall from the meatal orifice. 
This membrane is a mechanical obstruction to the transference 
of soimd waves to the labyrinth. 

After recovery is complete, it sometimes happens after the 
lapse of considerable time, that the epidermis of the opened air 
spaces of the middle ear becomes diseased. At one or another 
place the epidermis becomes loose and raises off from the under- 
lying tissue. In this condition, the loosened epidermis easily 
breaks down because of the poor blood supply in the underlying 
connective tissue. Crust formations appear, which, when lifted, 
often reveal pus pockets underneath. Occasionally regional 
glands become swollen and the patient may exhibit a low febrile 
movement. This condition must not be confoimded with a 
recurrence of the chronic middle ear suppuration, since recur- 
rence of disease of the bone in uncomplicated cases is a com- 
paratively rare occurrence. 

The treatment of this condition consists in carefully removing 
all the crusts, soaking them off with glycerine, followed by the 
local administration of weak silver solution, and powder insuf- 
flations. 

Procedures to Close Persistent Post-aurictxlar Openings : Occa- 
sionally, after the performance of the radical operation, a per- 
sistent post-auricularopening is desired because of the conditions 
found in the middle ear and in the mastoid. In these cases the 
post-auricular woimd is not sutured, and the middle ear cavities 
are treated during the post-operative period from the open post- 
auricular wound. The healing takes place by granulation from 
the depth of the wound toward the surface. In the simple 
operation, healing takes place in a similar manner. 

It occasionally happens that the granulations having reached 
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a certain development remain stationary, and the skin around 
the opening joins the granulation level and results in an unde- 
sired persistent opening. 

Again, the retro-auricular opening has a value of its own. 
Often it is the deliberate result of the surgeon's efforts. Those 
holding with PassoWy that the primary suture of the post-auricu- 
lar wound often defeats the object of the radical operation, 
endeavor to keep the post-auricular wound open, in order to 
prevent the possibility of reciurence, and to facilitate the after- 
treatment. The indications pointing toward the maintenance 
of a persistent retro-auricular opening may be summarized as 
follows : 

1. Where the case has demonstrated the presence of a large 
cholesteatoma in the temporal bone, the persistent opening per- 
mits an easier and more thorough inspection of the middle ear 
cavities, and facilitates the removal of cholesteatomatous depos- 
its should such reappear during the post-operative period. 

2. When there has been great loss of bone substance, the open 
wound affords a better opportunity of watching the course of 
healing. It may be closed at any subsequent opportune time. 

To Form a Persistent Post-auricular Opening : To create a 
persistent post-auricular opening, the plastic devised by Kretch- 
man (53) deserves mention. 

The plastic flap is made from the membranous canal, accord- 
ing to the procedure advocated by Pause, and then in addition, 
a skin flap is made from the integument of the post-auricular 
wound. 

The latter is cut from the derma of the posterior edge of the 
wound and is drawn into the bone cavity. An incision is made, 
curvilinear in form, from the upi>er pole of the original mastoid 
incision paralleling it in a general way, but sweeping backward 
to the hau- line, and being brought forward below to the original 
mastoid incision. A second incision connects the original mas^ 
toid incision with the incision just described. This makes two 
skin flaps which are loosened from their underlying attachment 
and placed in the bone cavity. 

Furthermore, if it is desired to use skin grafts to cover the 
exposed bone cavity and still maintain a persistent post-auricular 
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opening, Oppenkeimer (54) recommends the use of pedunculated 
grafts of various sorts and the employment of tamponade directly 
through the opening. 

Disadvantages of Post-aurictxlar Opening : The great disad- 
vantage of maintaining the persistent post-auricular opening lies 
in the necessity for frequent changes of the dressings and of the 
tampon; the latter is usually accompanied by pain. 

The time when it is deemed advisable to close the retro- 
auricular wound depends upon the condition in each case. The 
amount of diseased tissue remaining in the bone cavity and the 
degree of cicatrization of the cavity will govern our judgment. 
Generally, I agree with Oppenheimer in holding that it is safer 
to err on the side of safety and permit the opening to remain 
open longer than is necessary, than to close it prematurely. 

The opening should never be closed as long as any suppuration 
persists; and the plastic operation to close the opening should 
only be performed when careful examination has revealed the 
cavity to be dry and completely covered with firm, dry, hard, 
and fully adherent epithelium, with no evidences of eczematous 
infiltration or excessive desquamation. 

To Close Persistent Post-auricular Openings : Whether the 
post-auricular opening is the result of failure to secure primary 
healing or is the after-effect of healing by granulations, or the 
result of a deliberate action of the surgeon, the method of closing 
it is essentially the same. 

Various procedures have been devised, the choice of which 
depends upon the size of the opening, its site and the condition 
of the diseased ear. 

Among the commoner methods in use to close persistent post- 
aiuicular openings, are those devised by Passow-Trautmann (55) 
and by Mosetig-Moorhof (56). These methods exemplify the 
essentials of the procedures. Frequently the conditions present 
do not pemlit the carrying out of these typical steps, and the 
procedure must be modified to meet the requirements of the 
case under observation. Integumentary flaps are then taken 
from the most available locaUty and transplaced to cover the 
opening. 

The Trautmann Procedure : The neighboring parts are thor- 
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oughly cleansed with soap and water and antiseptic solutions. 
The mastoid wound cavity is also carefuUy cleansed, and its 
interior protected by introducing a piece of sterile gaiuse into 
the wound interior. At the upper and the lower margins we 
make an incision running toward the interior 2 nmi. in depth. 

The opening is then cu-cumscribed by two incisions, one along 
the posterior wound margin and one along the anterior wound 
margin — separated from the opening's edge at its widest part, 
about 4 mm. (See Fig. 43.) 

The posterior incision must penetrate through the periosteum 
down to the bone. The anterior incision penetrates to the peri- 
chondrium. This results in two crescentic flaps. The posterior 
one is separated from the underlying parts by means of a blunt 
elevator and the anterior crescent is usually easily loosened by 
the knife handle. To prevent spanning of the parts, it is some- 
times found advisable to loosen the soft parts over the mastoid 
process for some distance backward. 

The two crescentic flaps are now inverted and placed into 
position, so as to cover the opening. The sutures are now 
introduced. 

Trauimann advocates four sutures, in both the anterior and 
the posterior flaps. These are inserted by the use of two threads 
in each flap. (See Fig. 44.) 

The needle containing catgut ligature is introduced from above 
downward, near the wound edge, as shown in Fig. 44. This 
needle is drawn off. This leaves the suture in place, making 
threads A and B. A second suture is introduced somewhere 
lower making threads C and D. The same procedure is applied 
to the anterior flap. (Fig. 44.) 

The sutures clamped for identification are now drawn together, 
and those of the anterior and the posterior flaps, lettered simi- 
larly, are tied together. Thus threads B of both anterior and 
posterior flaps, being held by assistants, their other'ends consti- 
tuting threads A, are tied together. (See Fig. 45.) ' Then the 
threads B are tied together and knotted. Threads C and D on 
each side respectively being one suture, the lower ends (threads 
D) are held by assistants while C is tied, after which the threads 
lettered D are tied and knotted. (See Fig. 45.) 
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Finally, the skin over this denuded area is sutured with fine 
silk and the wound surface is covered by external dressings and 
a retaining bandage applied. 

This system of suture is very firm and obliterates the opening 
effectively. 

The Mosetig-Moorhof Procedure : While this procedure is 
simpler, and gives good results in selected cases, it does not 
result in as firm a closure of the opening as does the one just 
described. It covers the opening, turning epithelium toward 
the wound cavity, but unless the cavity is rather small, it has 
in my hands tended to break down. The skin is not always 
easily lifted, and sometimes a puckering at the turning point of 
the tongue of skin results. 

By this method a tongue-shaped flap of integument is loosened 
from the neighboring parts, and so cut that its tegumentary flap 
is sufficient to cover the opening. (Fig. 46.) 

The flap is usually cut from tissue below the opening, but 
according to the conditions present it may be taken from either 
in front, above or behind the opening. 

The base of the flap, that is, the part whereon it hinges upon 
being turned, is always nearest the opening, and from this hinge 
as a base the loop of tissue is cut. 

When making the flap from below the opening, a skin flap is 
cut by a U-shaped incision (Fig. 46), embracing an area of tissue 
larger than the area to be covered. This first incision only pene- 
trates through the epidermis. A second incision is carried 
around outside of this first one, paralleling it, but penetrating 
deeply to the underlying fascia. 

The epidermis between these two incisions — a strip of a few 
lines in width — is entirely removed. The skin flap is then 
loosened from the underlying tissue, except at its base near the 
aiuicular opening. 

The rim of the aiuicular opening next receives attention. An 
incision is carried around its periphery, except at the point 
nearest the base of the flap tongue. The incised tissue is under- 
mined with the scalpel along its entire circumference. See Fig. 47. 

The tongue-shaped skin flap is now turned upward, so that 
the epidermal side is turned inward toward the wound cavity. 
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The rim of this tongue-flap is carefully pushed under the under- 
mined and loosened rim of the auricular opening and held in 
place by four fine catgut ligatures. (Fig. 48.) 

The procedure closes with the suture of the skin wound below 
the plastic flap. (Fig. 49.) If the denuded area is large, the 
transplantation of Thiersch grafts may be necessary to complete 
the procedure. Retention dressings are applied and hdd in 
place by a suitable bandage. 

We have succeeded by the following procedure in effectually 
closing persistent retro-auricular opening. 

The first incision is made along the scar line of the ori^bal 
mastoid incision, skirting in its course the anterior edge of the 
persisting opening. The rear lip of the wound thus formed con- 
tains the scar tissue from the original mastoid incision. With a 
sharp scissors all this scar tissue is removed. A short second 
incision meets this at the retro-auricular opening beginning 
above, where the first incision skirts it, and extending around 
the opening behind until it again unpinges on the first incision 
below the opening. This incision is carried down to the bone. 
A third incision begins at the upper pole of the original mastoid 
incision, it is carried downward in a curvilinear sweep, taking in 
enough tissue to cover the opening, and as the lower extremity of 
the primary incision is approached, it meets this at its lowest 
extremity. This results in a large cresccntic flap, which is sepa- 
rated from the underlying tissue and slipped over, across the 
retro-auricular ope^ning. Sutures are placed along its anterior 
border to the skin of the anterior lip of the original incision. 

At the posterior edge of this flap, deep sutures are introduced 
along its edge into tlu* neighboring tissue. This leaves quite a 
denuded surface, which gradually becomes covered over as the 
epidermis advances from the surrounding edges. 

Antiseptic dressings are placed over it and a retention bandage 
applied. This procedure* is r(»commend(Ml only where the retro- 
auricular opening is very large. It does not present an epider- 
mized surface toward the tympanic cavity, and, therefore, should 
be employed only when^ th(^ plastic on the canal has given a 
large meatal opening, so that the granulation of the siuface in 
the interior can be watched and treated. 




Fig. 48. 
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46.— A U-«haped Flap Cut from the Tissue Below the Poat-iiuricukr 
Opening* (Moeetig-Moorhof MethotJ.) 

47, — 8ame as Fig. 4d* Knife Shnwn Making Incision About the Pe- 
riphery of the Poat^auricular Oi>eiitrig. (Mosetig-Moorhof Met hud,) 

48. — 8^m^ a'* Fig. 47, The Flap Turned l^pward and Sutureii into 
Position Over the Opening. (Mosetig-Moorhof MethcMJ.) 

4ft- — The Completion of the Mosetig-Moorhof Procedure, hy Suturing 
the Denuded Area Below the Flap. 

PLATE X\l 
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CHAPTER VIII 

THE SURGERY OF THE LABYRINTH 

Historical — Anatomical — Surgical Landmarks — Indications for 
the Surgical Opening of the Labyrinth — Contraindications — 
Operation on the Labyrinth — Points of Technique — Opera- 
tive Findings — Value of the Operation — After-ireatment — 
Results of the Operaiion. 

Historical : The opening of the labjrrinth, when it is the seat of 
suppuration, is the suggestion of Jansen (1), 1895 ; since that time 
many otologists have reported cases in which they tried the pro- 
cedure. Among the earlier publications are those of Lticoe, 
Kummely Dundas Grant ^ Bruger, Bourguet, and Frederick (2). 
Lately, in June, 1907, a new and more perfect technique was 
presented to the American Larjmgological, Rhinological and 
Otological Society by John D. Richards (3). It is as yet too early 
to place even a relative value on the various procedures, as our 
experience is not sufficiently extensive with any of them. 

Anatomical : The bony labyrinth, located in the petrosa of the 
temporal bone, consists of a central chamber or opening, desig- 
nated the vestibule, and various tortuous channels which connect 
with it. (See Fig. 50.) The vestibule is oval in shape, its ver- 
tical being greater than its transverse diameter. 

The outer (lateral) wall of the labyrinth is the mesial wall of the 
tympanic cavity and presents a kidney-shaped orifice, the fenestra 
ovalis, in which the footplate of the stapes and its annular liga- 
ment are situated. 

Its inner, or mesial wall, presents two depressions or fosssD 
between which the crista vestibuli is located. The anterior 
fossa, designated the recessus sphericus, is occupied by the 
saccule. The more posterior of these fossse lodges the utricle, 
and is designated the recessus ellipticus. 

182 
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Posteriorly, the vestibule presents five openings which lead 
into the three semicircular canals. The superior and the pos- 
terior semicirculars have each a separate opening, and one in 
common; there are two openings for the external semicircular 
canal. Anteriorly,the cochlea opens into the vestibule. Inferiorly, 
and close to the border of the recessus ellipticus, a small orifice 
is presented, which is the opening of the aquaeductus vestibuli. 

In the enclosed labyrinthine space there is a tender membra- 
nous labyrinth — an endolymphatic space. The area lying be- 
tween the endolymphatic space and the bony covering is termed 
the perilymphatic space. The endolymphatic space macroscopi- 
cally is entirely enclosed, and contains a fluid known as the endo- 
lymph. The perilymphatic space communicates through the 
cochlear aqueduct with the subarachnoidal spaces of the pos- 
terior cranial fossa, and contains cerebrospinal fluid. 

The internal ear lies in the temporal bone in a direction 
running from behind above, and laterally (outwardly) toward 
the front below and inward. (Fig. 50.) 

Semicircular Canals : The semicircular canals are three in 
number, and arp so disposed that the plane of each is perpen- 
dicular to that of the other two. They are designated the 
superior, the posterior (lateral) and the external (horizontal). 
The superior semicircular canal, as its name implies, is the upper- 
most or highest situated canal. It raises a protuberance on the 
cranial surface of the temporal pyramid, and is placed vertically 
in space. The posterior semicircular canal, having its origin in 
common with the superior, is also placed vertically to the long 
axis of the petrous portion of the temporal bone, while the 
external or horizontal semicircular canal is placed in a hori- 
zontal plane. The latter forms a protuberance on the inner 
(mesial) antral wall, and is in relation below with the facial 
canal. At their points of origin, near the vestibule, they all 
present enlargements, which are designated ''ampuUse.'' The 
horizontal has its ampulla at its outer extremity, and the pos- 
terior and the superior canals present their ampullae at their 
conjoined extremities. 

The Cochlea : As stated above, the entrance to the cochlea 
is situated at the anterior and inferior walls of the vestibule. 
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The cochlea is an osseous tube, coUed upon itself two and a half 
times; the axis of this spiral is designated the "modiolus." The 
modiolus is a pyramidal-shaped portion of bone, around which 
the turns of the cochlea are placed. The cochlear pyramid pre- 
sents an apex and a base, both of which are structurally very 
weak. The base is somewhat excavated (Politzer). The outer 
casing of the modiolus is brittle bone; the core is porous, 
made so by canals running from its base to its apex; these 
canals transmit various structures. (Richards.) 

The interior of the turns of the cochlea presents a very thin 
septum of bone, extending into the lumen of the tube and divid- 
ing it into two apartments. This septal-separating ridge, 
springing from the modiolus, is called the lamina spiralis. It is 
made up of two bony plates which do not completely extend 
across the lumen of the cochlear turn, but extend only to about 
its center, the intervening space being bridged by a membranous 
septum. The membranous septum is known as the lamina 
spiralis membranacea.* 

Surgical Landmarks : The surgical guides for operating upon 
the labyrinth are to be sought upon the inner surface of the 
mastoid cavity after the completion of the radical mastoid 
operation. 

To obtain a better view of the field of operation, the spur 
remaining from the removal of the posterior meatal wall should 
be shaved down as closely as possible to the facial encasement. 
The floor of the external auditory meatus should likewise be 
lowered at the point where it normally rises, so that an opera- 
tive field as wide as possible is laid open for inspection. The 
exenteration of bony tissue is carried out to its utmost between 
the knee of the sinus and the outer surface of the middle cranial 
fossa, so as to give additional working room. 

On the internal wall of the cavity thus presented, we note a 
ridge of hard, white bone, marking the protuberance caused by 
the horizontal semicircular canal. Backward from this, and 
extending slightly upward, is the so-called surgical "solid 
angle.'' 

* It is not deemed necessary to give more than this sketch of the aDatomy 
of the internal ear, as this suffices tor the comprehension of the sui^ical pro- 
cedures on the labyrinth. 
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The facial nerve in its encasement is seen extending from 
under the spur left from the posterior meatal wall, turning toward 
the tympanic cavity, and extending across its mesial, or internal 
wall, just below the horizontal semicircular, and above the oval 
window. 

The greatest diflSculty in the performance of surgical pro- 
cedures on the labyrinth is avoidance of the facial nerve. Bour- 
guet (4), whose excellent work establishes the anatomical rela- 
tions of the facial nerve, gives the following important details: 

The horizontal portion of the facial nerve is fixed definitely 
at the oval window and at the horizontal semicircular canal. 
The nerve follows its course between these two anatomical land- 
marks, which are comparatively easy to recognize after the 
middle ear spaces have been fully exposed by means of the 
radical mastoid operation. Bourguet made measurements to 
establish the distance of the nerve from the upper margin of the 
fenestra ovalis, and finds that the intervening space is about 
3 mm. ; this distance is constant. 

He further finds that the distance between the facial nerve 
and forward bend of the horizontal semicircular canal varies. 
Baurgmt distinguishes a "Forme droite,'' or right-angled form, 
and a "Forme oblique," or an oblique form of the vestibule. 
The right-angled type was present in 12% of his examinations, 
the oblique arrangement in 88%. With the last-named type, 
the author found what he terms a "Situation basse," or a deeply 
situated forward bend of the horizontal semicircular; that is, 
the semicircular did not present itself above the nerve, but 
somewhat behind it. This occurred in three specimens exam- 
ined. In the right-angled type, the semicircular canal was 
usually found at a higher level than the position occupied by 
the nerve, the distance between the nerve and the semicircular 
canal equaling from 1 J nun. at the beginning of the semicircular, 
to 3 mm. at the turning point of the semicircular canal. As 
Hinsberg (5) remarks, luckily for the surgeons, the latter con- 
dition is the commoner of the two forms. 

Furthermore, it should be borne in mind that the bulbus 
vense jugularis occasionally interposes posteriorly and internally 
between the posterior semicircular canal, and the antrum. This 
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is presumed to be the case when the tympanic floor is found 
to be high and the bulb itself rises to some distance above the 
level of the floor of the external auditory meatus, and comes 
into view as the convexity of the external auditory canal is 
shaved down. 

Regarding the surgical topography of the cochlea, it is to be 
remembered that the cochlea is bounded posteriorly by the 
fenestra ovalis, anteriorly by the carotid canal, inferiorly by the 
recessus hypotympanicus, and the jugular dome, while the 
geniculate ganglion and the facial nerve lie above it. Externally 
and below, the cochlea is represented by the outer wall of its first 
turn — the promontory. 

From 25 specimens examined, Bourguet finds that the distance 
between the carotid canal and the oval window in 9 cases is 
10 mm.; once he found it to be lOJmm.; another specimen 
gave it as 12 and another as 13 mm. in distance. 

The longitudinal axis of the cochlea is found to be constant, 
equaling about 9 mm., giving a distance of from 1 to 4 mm. 
between the cochlear tip and the carotid canal. 

In 13 temporal bones, he either found the carotid canal in 
contact with the cochlea (4 times) or it was found to cover or 
overlie the cochlea on its external surface, to a vaiying degree 
(1 to 2 mm.). The latter observation is substantiated by the 
observations of Komer (6) and Gruber (7). In fact, it has been 
reported by Hansen (8) and Rozier (9) that the carotid canal 
may entirely overlie the cochlea. 

Indications for the Surgical Opening of the Labyrinth : When 
a purulent process is present in the labyrinth, surgery offers the 
only rational treatment to combat its advance. Our aim is not 
simply to provide free drainage for the pathological accumula- 
tions in the labyrinth, and to prevent secondary infection from 
the middle ear, but to remove the extensive disease of the laby- 
rinthine capsule and its connecting systems of canals. 

A large number of competent observers, however hold it 
unnecessary to open the labyrinth, except in markedly severe 
cases; they content themselves with the performance of the 
radical mastoid operation and the free exposure of the middle 
ear spaces which results from this procedure. These surgeons 
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maintain that excellent and satisfactory results are thus obtained) 
and their claims seem to be substantiated by the published 
reports of many cases. Personally, we have observed cases 
where the symptoms of an involvement of the labyrinth com- 
pletely disappeared after the performance of radical mastoidec- 
tomy. As Hinsberg, in his reports to the German Otological 
Society, in 1906, (10), pointed out, such testimony on closer ex- 
amination is not the general experience where actual labyrinthine 
involvement exists. The published cases as a whole, on the 
contrary, tend to show, in the light of a better comprehension of 
these lesions, that our procedures, limited to the middle ear and 
halting at the outer wall of the internal ear, often directly arouse 
and call into activity a latent or quiescent process in the laby- 
rinth, which often terminates, in a fatal meningitis. Further- 
more, the general sentiment now seems to be an endeavor to 
forestall the dangers resulting from labyrinthine involvement 
in every case Where severe symptoms of purulent internal ear 
disease are present, by providing free drainage for the affected 
area through a wide opening of the labyrinth from the middle ear 
spaces, and by removing as much of the diseased bony labyrinth 
as possible. 

Both these views have adherents. It is easily comprehended 
that the operative procedure in itself may break up the ad- 
hesions thrown out by an infective process, and thus break 
down the very barriers which nature interposes against the 
further advance of the inflammatory process toward the cra- 
nium; on the other hand, we have no means of estimating with 
any degree of exactness the dangers of labyrinthine infections 
which remain unc^^erated. (Hinsberg,) 

The recent study of Freyta{/ (11) of the literature of the 
operated cases which have been published, throws interesting 
light on this mooted question. Omitting all cases which pre- 
sented sequestra formations involving the labyrinth, and 9 cases 
of healthy labjrrinths reported to have been opened, Freytag 
has assembled 102 cases.. Of 93 diseased labyrinths opened 
there were presented unmistakable symptoms of fatal complica- 
tions 14 times before operation. These 14 cases should, there- 
fore be deducted; 2 cases died of mtercurrent disease. There 
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remain then 77 cases of uncomplicated labyrinthine involvement. 
Of these, 2 cases died in spite of operative measm-es, the opera- 
tion, however, not contributing toward death; 1 case died because 
of the operation; in 6 cases the final result is reported as unknown. 
The remainder, 67 cases, were cured, giving a mortality of 
4.2%. This exceedingly low mortality would seem to encourage 
further efforts toward anticipating the fatal outcome of a 
suppurating labyrinthitis. 

During the last year, since Hinsberg's report was available, 
we have invariably operated upon the labyrinth when intra- 
cranial complications were threatened, or when the sjnnptoms 
demonstrated purulent labyrinthitis; unfortunately, the mor- 
tality was higher than that given by Freytag. In three cases 
operated upon during this year, we had three deaths. It must 
be remembered that the statistics gathered by Freytag are the 
summarized results of a great number of observers, and cannot 
be cited as a standard for any one surgeon. Besides, the sub- 
ject is still too recent to have given any one surgeon sufficient 
experience in a class of cases, which, according to Friedrich's 
estimates complicates only 1% of all chronic middle ear suppu- 
rations. Relying on the published cases of a number of sur- 
geons, which Freytag carefully analyzed, I am of the opinion 
that the operation per se presents relatively small dangers to 
life. Richards recently reports on eleven cases, upon which he 
operated with three deaths, two of which he regards as due to 
imperfect technique ; the third died of infective sinus thrombosis. 
It is to be regretted that the histories of his cases were not pub- 
lished in detail, so that an analysis of them would be possible. 

It remains for future investigation to devise means whereby we 
can differentiate between labyrinthine cases which are curable 
without resort to labyrinthine surgery, and those for whose 
recovery operative interference is imperatively demanded. 

Jansen bases his decision whether or not to resort to surgery, 
upon the severity of the symptoms and the extent of the diseased 
process. He includes such lesions as defects about the foot- 
plate of the stapes, and a general thinning of the walls of the 
semicirculars so that their interiors are observed through the 
ahnost transparent bone as indicating operation. 
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Heine (12) holds that the operation on the labyrinth is only 
justifiable when one is positive of the presence of pus in the 
labyrinth. This indication is quite sound so far as it goes, but 
cases often arise where the positive diagnosis of pus in the 
labyrinth is impossible before this structure is opened. Puru- 
lency in the labyrinth only gives evidence of its presence by 
disturbances of equilibrium or of acoustics, accompanied by deaf- 
ness, dizziness and nystagmus. When fever, headache, vomiting 
and opisthotonos supervene, the pathological process has already 
invaded the cranium. It is in that class of cases, which often pre- 
sent no symptoms pointing to the labjrrinth until meningeal irrita- 
tions warn us of intracranial involvement, that the great difficulty 
in diagnosis is encountered. In some of my cases among infants, 
the only sign which marked the advance of the disease from the 
middle ear to the labjrrinth, was the sudden appearance of facial 
paralysis, accompanied after some hours by vomiting. In two 
cases, the eroded semicircular was the point from which the 
invasion proceeded, and in a third, the infection entered the 
labyrinth through the ulcerated footplate of the stapes. 

Heine does not believe in operative measures other than 
curettement of the defect in the semicirculars, and bases his 
conclusions on the fact that Jansen saw but one death in 121 
such cases from 1889 to 1896. Liuxie reports the same results 
with 2 deaths in 32 cases, and Heine adds 40 more cases from 
Lucae^s clinic with no deaths (13). Summing up, therefore, we 
hold the operative opening of the labyrinth to be indicated : 

1. When prior to the operation, total deafness is present in 
the affected ear, or when symptoms either of labyrinthine irrita- 
bility or absence of labyrinthine reaction are present, or when 
fistulous tracts leading into the labyrinth are uncovered at the 
time of the radical operation. 

2. When at the time of performing the radical mastoid opera- 
tion, a fistulous opening into the labyrinth is not demonstrable, 
but where nevertheless, grave symptoms of labyrinthine irrita- 
tion are present, which do not promptly subside after the per- 
formance of the radical mastoid operation. Furthermore, in 
those cases where labyrinthine symptoms appear after the radical 
operation, which do not subside upon loosening the wound 
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for a short time, and then suddenly present meningeal symp- 
toms. In two cases seen during the last year this occurred. The 
radical operation evidenced a pathological dehiscence in the hori- 
zontal semicircular. In one, facial paralysis was present before 
the oj)eration, and in the other, facial paralysis appeared at the 
end of the first week after the radical procedure. They showed 
a rise of temperature and finally symptoms of meningitis, from 
which they eventually died in spite of surgical procedures on the 
labyrinth and on the meninges. 

These cases, in addition to those found in the literature, warn 
us that where pathological defects are observed at the time of 
the radical operation, the case should be kept under strict obser- 
vation for a long time, and that although immediate surgical 
procedures are not indicated, the opening of the labyrinthine 
channels becomes imperative at the first sign of the development 
of a general purulent labyrinthitis from the circumscribed lesion, 
or upon the advent of meningeal invasion. 

The Operation on the Labyrinth : The radical mastoid opera- 
tion has either already been performed or must be undertaken 
before any surgery is attempted upon the labyrinth. 

The final step before the surgery on the labyrinth proper 
begins is the entire removal of the remains of the posterior 
meatal wall, so as to expose the canal of the facial without, 
however, injuring the nerve. The anterior and the lower boun- 
daries of the bony mastoid wound cavity are widened as much 
as possible — by thinning out the anterior wall and by lowering 
the elevated angle in the tympanic floor and the elevation of the 
meatal floor. As the cochlea is necessarily the seat of surgical 
procedures during the labyrinthine operation, we endeavor to 
exactly note the relationship of the cochlea to the carotid artery, 
by exposing that blood-vessel. To accomplish this, the anterior 
tympanic wall is shaved down considerably. The bone overhang- 
ing the mouth of the feustachian tube is removed and the tensor 
tympani muscle eviscerated. The cavity is now cleansed and 
packed with gauze, soaked in adrenaline solution to give a blood- 
less field. It is easy to open the labyrinth when the disease has 
partly destroyed its external walls, and the necrotic defects point 
the way; it is a more difficult matter when the walls are not 
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tampons. (A tampon placed too tightly in the wound after the 
radical mastoid operation has been observed to give rise to 
symptoms of labyrinthine irritability and to cause partial facial 
paralysis; all these symptoms disappeared in a few hours after 
the tampons were loosened.) 

3. When in addition to a purulent labyrinthitis, one or other 
of its intercranial sequelae are present, or their advent is threat- 
ened. (Extra dural cerebellar. abscess, cerebellar abscess, men- 
mgitis serosa, etc.) 

4. When sequestra formations develop involving the laby- 
rinth. Here the removal of the necrosed bone is indicated as 
soon as possible (v. Stein, 14). 

5. Finally, when during the performance of the radical mas- 
toid operation, the stapes is accidentally injured or dislocated, 
then it would seem wise in the interests of the patient — a view 
also held by Hinsberg — to open the labso-inth as soon as the 
disease has apparently spread from the middle ear to the laby- 
rinth ; in other words as soon as symptoms from the labyrinth 
are observed. 

Contraindications : Operative interference on the labyrinth 
is contraindicated, when only a partial involvement of this 
structure is present — in a circumscribed involvement of one or 
other of the semicirculars. Here it is better to wait imtil more 
definite symptoms develop. Hinsberg and Heine hold that, as 
soon as the primary foci of the purulent process is eradicated in 
these cases, the circumscribed disease in the semicirculars will 
usually heal. 

We have repeatedly noted this to occur in cases where the 
horizontal semicircular canal showed a defect in its contour at 
the time of the radical operation; this, however gave no subse- 
quent unpleasant sequelae and apparently healed entirely. In 
two of these cases, symptoms referable to the labyrmth existed 
before the radical operation, viz., dizziness and some nystagmus, 
which, however disappeared afterward, and the patients made 
a full recovery. 

This class of cases demands the strictest observation, as fre- 
quently in cases where at the time of the radical mastoidectomy, 
an opening into the semicircular is noted, the patients do well 
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for a short tiiile, and then suddenly present meningeal symp- 
toms. In two cases seen during the last year this occurred. The 
radical operation evidenced a pathological dehiscence in the hori- 
zontal semicircular. In one, facial paralysis was present before 
the operation, and in the other, facial paralysis appeared at the 
end of the first week after the radical procedure. They showed 
a rise of temperature and finally symptoms of meningitis, from 
which they eventually died in spite of surgical procedures on the 
labyrinth and on the meninges. 

These cases, in addition to those found in the literature, warn 
us that where pathological defects are observed at the time of 
the radical operation, the case should be kept under strict obser- 
vation for a long time, and that although immediate surgical 
procedures are not indicated, the opening of the labyrinthine 
channels becomes imperative at the first sign of the development 
of a general purulent labyrinthitis from the circumscribed lesion, 
or upon the advent of meningeal invasion. 

The Operation on the Labyrinth : The radical mastoid opera- 
tion has either already been performed or must be undertaken 
before any surgery is attempted upon the labyrinth. 

The final step before the surgery on the labyrinth proper 
begins is the entire removal of the remains of the posterior 
meatal wall, so as to expose the canal of the facial without, 
however, injuring the nerve. The anterior and the lower boun- 
daries of the bony mastoid wound cavity are widened as much 
as possible — ^by thinning out the anterior wall and by lowering 
the elevated angle in the tympanic floor and the elevation of the 
meatal floor. As the cochlea is necessarily the seat of surgical 
procedures during the labyrinthine operation, we endeavor to 
exactly note the relationship of the cochlea to the carotid artery, 
by exposing that blood-vessel. To accomplish this, the anterior 
tympanic wall is shaved down considerably. The bone overhang- 
ing the mouth of the feustachian tube is removed and the tensor 
tympani muscle eviscerated. The cavity is now cleansed and 
packed with gauze, soaked in adrenaline solution to give a blood- 
less field. It is easy to open the labyrinth when the disease has 
partly destroyed its external walls, and the necrotic defects point 
the way; it is a more difficult matter when the walls are not 
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destroyed; or, when the labyrinthine infections have resulted 
from an invasion through the fenestra ovalis. 

Exact anatomical knowledge of the parts, combined with 
technical skill in carrying out the details of the procedures, is 
an absolute necessity to successful surgery. The preliminary 
surgical procedures must be done as rapidly as possible, so as to 
save time for the more delicate work on the lab3rrinth. 

JanseUj to whom we owe the first systematic plan for operating 
on the labyrinth, advocates entering the internal ear from the 
vestibulum. He follows the rear branch of the horizontal semi- 
circular canal; after opening its lumen with a small chisel, he 
follows the canal upward and around toward the rear, using a 
small drill for this purpose; he employs this procedure especially 
in cases where he suspects deep-lying extradural abscesses, cere- 
bellar abscess, etc. In these cases he removes the rear side of 
the temporal pyramid, at the same time exposing the dura as 
he advances. Neuman (15) also advocates this plan in similar 
cases, following up the channels of the labjrrinth to the internal 
auditory meatus. By this maneuver, he not only opens the 
diseased semicircular and the vestibulum, but also exposes, and 
in certain cases, opens into the posterior cranial fossa. The oj)era- 
tion is completed by opening the cochlea at the promontory. 

Hinsbergy who was annoyed while performing this procedure 
on the semicircular, by losing his guiding landmarks because the 
bone fragments filled the semicircular canal lumen, advocates 
the entrance to the vestibulum through the fenestra ovalis. He 
opens at this structure with a rotary drill, and traces the canals 
from the entrance thus obtained by means of a probe which he 
introduces into the canal (16). The cochlea is opened from the 
fenestra ovalis, by removing the promontory, working down- 
ward. 

Botey (17) published a method somewhat similar; it diflfers 
from the above in that he proceeded from the posterior branch 
of the horizontal semicircular and thus enters the lab3rrinth. 

Richards (3) has recently devised a procedure which is very 
ingenious and fully opens the entire labyrinth. The steps of the 
operation as advocated by Richards are as follows: 

1. The SchwartzeStacke operation is first completed by exen- 
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terating the mastoid cells as extensively as possible to secure the 
greatest possible amount of working room. The facial ridge is 
lowered to its absolute limits. The hypotympanicum and lower 
level of the auditory canal floor are planed off so as to expose to 
its utmost the lateral (outer) wall of the vestibule, and the dome 
of the jugular bulb, should the latter rise high. The convexity 
of the external auditory canal floor is lessened; the Eustachian 
tube orifice fully exposed, and the tensor tympani evulsed. 
Finally, if possible, the arches of the semicircular canals are 
delineated by removing the osseous tissues surrounding them. 

2. The prominence of the horizontal semicircular canal is then 
removed. This is done by placing a chisel at a point somewhat 
below its summit, but well above the level of the Fallopian canal. 
The stroke of the chisel should correspond to the direction of the 
plane of the canal. This uncaps the horizontal semicircular 
canal. 

3. The remaining canals are next uncapped. A curved gouge 
is used to open the superior semicircular canal. (Fig. 51.) 

4. The vestibule is now entered through the solid angle creat- 
ing a pit at the juncture of the semicirculars: the point of this is 
directed inward. This depression is gradually lowered, until the 
vestibule is opened. The inner lip of the horizontal semicircular 
canal must be removed. Richards advocates that the chisel be 
held perpendicular to the plane of cleavage during this maneuver. 
The instrument must not impinge upon the outer lip, as this is 
in intimate relationship with the facial canal. This lip Richards 
leaves in situ as a bridge carrying the nerve. (Figs. 52 and 53.) 

5. The vestibular opening is now enlarged until full exposure 
of its cavity is obtained. A search of its inner wall for fistulas is 
made. Care must be exercised not to injure the bridge of bone 
supporting the facial when enlarging the vestibular opening for 
this purpose. A small, sharp gouge is the safest instrument to use. 
Occasionally extensive necrosis necessitates sacrificing the bony 
ridge which supports the facial. To avoid injuring the nerve, 
the bone is shaved off from above downward, in a direction 
parallel to the nerve. This leaves the nerve in a gutter of bone 
from which it may be carefully lift(»d. (Fig. 53.) At this por- 
tion of its course the nerve occasionally gives off filaments. 
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These should not be torn, but should be cut. As much of the 
supporting bridge is then removed as is found to be necrotic. 
In knocking away the bony portion which represents the upper 
and the inner wall of the tympanic cavity, the chisel should never 
be used in a direction from behind forward, paralleling the 
nerve's course, but from above downward, or from before back- 
ward, in a direction perpendicular to the course of the nerve 
and the Fallopian canal. 

A complication to this maneuver is found when the Fallopian 
canal spUts off in a cylindrical section, usually because of lack 
of attention to the directions for the use of the chisel given above. 
The removal of the little cylinder is the next objective — if this 
accident has happened. The little cylinder is grasped in the 
jaws of a mouse-toothed forceps and a pair of rongeurs, and the 
little cyUnder is crushed in a direction parallel to the course of 
the nerve. Where care has been exercised to convert the 
Fallopian canal into a gutter, this complication will not 
occur. 

6. The anterior-inferior cavity of the vestibule is now exposed. 
A gouge, whose width equals that of the distance between the 
round and the oval windows, is placed on the bone separating 
these structures, and with a stroke delivered from above, dowTi- 
ward, and forward, the posterior part of the promontory is 
fractured. The opening thus made is enlarged until the* vesti- 
bular cavity, together with the beginning of the first cochlear 
turn is fully exposed. When it is found that the disease has 
invaded the cochlea, this structure must be explored. 

7. Working from behind forward, exposing its interior to a 
point just short of the carotid eminence, the roof of the first 
cochlear whorl is removed. For this purpose a thin, sharp 
gouge, having no shoulder, and having a width equal to that of 
the cochleal whorl is used. 

8. The further exploration of the cochlea follows. A point 
is selected on the cochlear shell, corresponding to its apex. This 
is shaved down until the dark interior shows through the thin 
lamella of bone. The opening is made by means of a chisel stroke 
deUvered from above downward and forward in a direction cor- 
responding to that held by the cochlear whorl. Thus a window 
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is created in the cochlear shell which is gradually enlarged until 
the upper cochlear cavity is exposed. 

9. The second half of the cochlear whorl is exposed, by remov- 
ing the shell from the apex of the pyramid downward to a point 
corresponding to the termination of the first turn. With a small 
gouge, the roof is carefully broken away from above, and the 
entire interior of the cavity of the cochlea is now exposed. The 
operation is thus completed. Occasionally exenteration of ex- 
tensive portions of the petrosal pyramid is necessary. If necrosis 
is present it indicates this additional step. 

Points of Technique in the Richards Operation : When opening 
the horizontal semicircular canal, the cutting edge of the chisel 
should be placed at a point below its summit, but above the level 
of the Fallopian canal, to avoid a plane of cleavage which may 
involve the facial nerve. 

The semicirculars are uncapped by making the strokes in a 
plane taken in their direction. 

The labyrinthine fluid is apt to be mistaken for blood or disin- 
tegrated granulations in the lumen of the semicirculars, because 
of the contrast presented by the dark interior of the canals 
against the brilliantly white bone which surrounds their lumen. 

In opening the vestibule, the chisel or gouge must not be held 
perpendicularly to the line of cleavage, and must not be per- 
mitted to impinge against the bridge of bone intimately con- 
nected with the Fallopian canal. Attention to this same struc- 
ture becomes imperative when enlarging the vestibular opening 
and searching its interior for fistuke. 

After the removal of necrotic areas of the bridge carrying the 
facial, an attempt is made to preserve some part of the support 
for the nerve. Efforts are advocated to prevent elongation or 
sagging of the nerve. Furthermore, when exposure of the nerve 
becomes necessary, no attempt should be made to retract it or 
to draw it to one side. The facial nerve is liable to injury against 
the serrated margins of the Fallopian canal. Efforts to draw the 
nerve aside may injure it. They usually stretch it and subse- 
quently cause it to become imbedded in granulations. The 
nerve should be carefully lifted without pulling. 

Richards recommends that the greatest care should be taken 
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that the cuttmg chisel does not cross the vestibular cavity and 
impinge upon its inner wall. The inner wall bulges outward 
and is separated from the internal auditory meatus only by a 
brittle bone partition, not more than ^ of an inch in thick- 
ness. Where the inner vestibular wall is fractured, cerebro- 
spinal fluid is lost, and the cranial cavity opened. Intracranial 
infection is then to be feared. 

In removing the roof of the first cochlear whorl, four structures 
are to be avoided. These are the dome of the jugular bulb below, 
the eminence of the carotid in front, the base of the modiolus 
and the internal auditory meatus medially. The danger to the 
latter two structures is a potential one, and must be kept in 
mind. Injury to these also opens the way to intracranial 
invasion. 

The injury of the modiolus is avoided by confining the removal 
of bony shell entirely to the roof of the first turn and not per- 
mitting the instrument to impinge upon its inner wall. Further- 
more, if the chisel stroke is applied to the cochlear pyramid, the 
fracture will usually take place at the base, according to Rich- 
ards. The internal auditory meatus is consequently opened. 
Richards reports that the death of one of his cases was due to 
this technical error. 

In enlarging the opening made at the apex of the cochlear 
pyramid, care should be exercised that the back of the instru- 
ment does not impinge upon the modiolus, lest its fracture 
result. 

In a great number of cases, the simple curettement of the 
diseased area, the fistulous tracts, as recommended by Heine, 
suffices. In others, an extensive radical procedure, such as 
described above, affords the only chances of ultimate recovery. 
Which of these measures is to be employed must necessarily 
depend upon the extent of the lesion present, whether or not 
intracranial complications are already in existence, or whether 
the disease is localized to the labyrinth. 

Hinsberg, HeinCf and others recommend as circumscribed an 
operation as possible for the uncomplicated cases. 

Discussing the various procedures advocated, Baarguet points 
out that at the beginning of the operation, the posterior branch 
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of the horizontal semicircular possesses the advantage of making 
the site of election for entering the labyrinth as remote as pos- 
sible from the facial nerve. The disadvantages of this pro- 
cedm-e, however, are apparent, if the jugular bulb lies high, 
as then injury to this structure may occur. The sinus petrosa 
superior is likewise liable to injury, when the posterior branch of 
the semicircular is the primary seat of surgical intervention. 
Furthermore, a slip of the chisel, wliile working in the region 




Fig. 54. — ^Tfae Bourguet-Hinsbeig Method, Showing the co-relation of the 
Labyrinthine Surgery to th^ Mastoid Wound Cavity. The Internal 
Ear Channels are Open. 

near the internal auditory meatus, will undoubtedly injure the 
facial. 

Hinsberg^s method also endangers the nerve, but if the use of 
the probe is carried out simultaneously with the removal of bone, 
this danger is reduced to a minimum. 

Bourgu£t devised a protector to lessen the danger to the facial. 
This instrument, whose top is a flattened plate of metal, S-shaped, 
is placed over the facial. The concave cup marks the spot where 
the drill enters the semicircular. These instruments are made in 
pairs, one for the right and one for the left side. 

The operation, according to Hinsberg, proceeds as follows: 
(Fig. 54): 

1. The radical mastoid operation is performed with special care 
to remove as much of the posterior meatal wall as possible. 
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The parts should be freed of blood by soaking them in adrena- 
line, and the operative technique is carried out under bright 
illumination. 

2. Introduction of a drill at the fenestra ovalis, and from this 
point of entrance carefully removing the lateral (outer) laby- 
rinthine wall down to the fenestra rotunda. This opens the 
cochlea and the vestibulum. 

For further evisceration of the cochlea, he employs the sharp 
curette or the chisel, instead of the drill. 

During the maneuver, care should be exercised that the drill 
does not slide off from the oval window upward, as then the 
facial nerve is liable to injury; and furthermore, in opening 
the cochlea, as we near its deeper extremity, collision with the 
carotid is possible. 

As the deeper parts of the cochlea are curetted, care must be 
exercised not to slip into the internal auditory meatus. 

3. The Bourguet protector is now introduced, or, a probe is 
introduced into the fenestra ovalis and pushed upward, under- 
neath the facial. The tip of this probe is introduced into the 
anterior branch of the horizontal semicircular canal, and an 
accurate idea is obtained of its orientation. The drill is then 
applied over the semicircular and its outer wall removed, care 
being taken not to let it sUp downward and injure the facial 
nerve. 

Hinsberg advocates the drill for these procedures and recom- 
mends keeping the instrument cool by dipping it occasionally in 
a solution of boracic acid. He warns us that if this detail is 
neglected, bone necrosis may later occur resulting from the heat 
of the drill. He deprecates the use of the chisel, as the bridge 
of bone supporting the facial might possibly be broken down 
by the strokes of the hammer, to the injury of the facial 
nerve. 

Finally, I desire to call attention to what Hind)€rgy CheaUe 
(18) and Richards have already remarked, that the operation is 
so drawn out in length of time that the patient suffers from its 
effects. Cheatle recommending that when the radical has not 
already been performed, that it be done first and the labjrrinth 
operation undertaken a day later. 
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Personally, we have followed the Hinsberg procedure in our 
cases, except that we have exclusively used the chisel and 
curette. In those cases in which we operated, the nerve was 
destroyed and its ends found imbedded in granulations. The 
problem of saving it was not, therefore, before us. In the event 
of an uninjured nerve, we hold the Richards^ procedure to be 
the best, as it keeps the nerve in full view and the underlying 
bone is easily removable. 

Regarding injury to the nerve, if we revert to Freytug's sta- 
tistics already referred to, we note that of the cases reported, 
there were 19 cases with facial paralysis present before operation; 
17 times the nerve was injured during the surgical procedures, 
and in 39 cases there are no notes on the condition of the facial. 
This gives 27 cases wherein the nerve was uninjured. Of those 
injured diuing the operation, a majority of the patients recov- 
ered from their facial paralysis after a lapse of time. 

Operative Findings : Generally in the operative findings we 
demonstrate whether or not a general labyrinthine involvement 
is present pr absent. Occasionally, however, even at the opera- 
tion, this question remains unanswered. 

In opening a labyrinth, the seat of a diffuse purulent process, 
the absence of a flow of cerebrospinal fluid from the labyrinth is a 
significant factor, which we have observed in all our cases — a 
finding to which Hinsberg also calls attention. Furthermore, 
Hinsberg has always noted the escape of cerebrospinal fluid 
when a healthy labyrinth has inadvertently been opened. In 
encapsulated or circumscribed labyrinthitis, a flow of cerebro- 
spinal fluid is often noted. 

Friedrich (19) and Hinsberg differ as to the diagnostic value 
presented by the presence of a flow of labyrinthine fluid when an 
accidental opening has been made into a semicircular canal. The 
former attaches no importance to this sign, while Hinsberg places 
a diagnostic value on the absence of the flow, taking it to mean 
an encapsulation against further invasion, the flow reappearing 
after the curette had destroyed such adhesions. We give both 
views, as personal observations on this point are lacking. In 
all the cases upon which we operated, the labyrinthitis was gen- 
eral, and a flow of cerebrospinal fluid was not noticed. 
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Value of the Operation : In discussing the indications for this 
surgical measure, we quoted Freytag^s conclusions, arrived at 
from an analysis of the published cases. The mortality from the 
operation was found to be about 4.2%. 

Once the unchecked infection reaches the cerebellum, the 
mortality is high. When therefore, the difficult technique of 
this operation is better understood and more fully worked out, 
it will often be employed to anticipate the almost certain fatal 
sequelffi of a purulent labyrinthitis. At present, the cases when 
first seen by us are too often so far advanced that surgical 
intervention is unavailing. 

After-treatment : Immediately after operation, when the 
patient emerges from the anaesthetic, there are often seen post- 
operative evidences of labyrinthine irritation — dizziness- 
nystagmus, etc. This is especially the case where there has 
been an escape of cerebrospinal fluids during the operation. In 
other cases such symptoms are often entirely lacking. 

Upon the completion of the surgical procedures, the entire 
cavity is washed and cleansed with normal salt jmd weak 
bichloride of mercury solutions. The post-auricular incision is 
kept open, pending the outcome of the surgical measures. 

The tampons placed in the wound should be very loosely 
packed and not pressed tightly into the labyrinth. If the case 
progresses favorably, the first change of dressing is made after 
five or six days; whenever the outside dressings are soiled they 
may be changed, without however disturbing the dressings in 
the deeper portions of the wound. 

If fever or other alarming signs develop the dressing is imme- 
diately changed. In cleansing the wound cavity care should be 
taken not to rub the facial nerve with the gauze, as the nerve is 
quite as easily damaged in this way as at the time of operation. 
A vaseline covering for the nerve, as recommended by Richards^ 
is advocated. 

If there is a strong outflow of cerebrospinal fluid, the dressings 
soon become saturated ; in such cases outer dressings are more 
often changed. After five days such outflow is rare (Hinsberg), 

V. Stein drains the internal ear by means of silk threads. He 
uses hydrogen peroxide as his cleansing agent. The principal 
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thing to guard against is the obstruction of drainage from the 
internal ear through the growth of granulations in the outer 
wound cavity. Such must be carefully removed with curette or 
chromic acid pearls. 

Persistent, exuberant granulations suggest the formation of 
sequestra, and necrotic areas are then to be sought for. Often 
a rapid recovery follows the removal of small pieces of necrotic 
bone. 

Healing in the opened labyrinth usually takes place through 
the formation of healthy, firm granulations in the wound depths, 
which gradually grow toward the surface. Later when the plas- 
tic flaps have been cut, the epidermatization of the external 
wound cavity takes place similarly to that seen after the radical 
operation. 

• Results of the Operation : The operation on the labyrinth 
usually results in total deafness, with symptoms of absence of 
functional activity from the affected semicirculars. 

Richards (3) reports that following the exenteration of the 
labyrinth, the patient may be exceedingly sensitive to noise 
and to loud musical sounds. He reports that where patients 
had been subjected shortly after operation to loud musical sounds 
as the playing of the piano, they exhibited dizziness and vertigo. 

Where the facial nerve has been exposed throughout its entire 
extent, paralysis supervenes, even when the nerve is uninjured. 
When the nerve is uninjured, partial improvement may be 
expected after five or six months, under facial massage and 
appropriate electrical stimulation. If the nerve is severed, the 
recovery from the paralysis is doubtful. 

Subsequent to operation, meningitis may result. Its onset is 
usually prompt — in from one to three days — and its termination 
rapid. 

Richards reports the advent of large quantities of sugar and 
acetone in the urine, with the clinical picture of diabetes, as 
noted occasionally after the operation. He holds this as sug- 
gesting the profound systematic shock to which the operation 
subjects the patient. 
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CHAPTER IX 

OPERATIONS ON THE BLOOD-VESSELS 

Historical — Anatomical — Anatomy of the Internal Jugular Vein 
— Topography of (he Internal Jugular Vein — Surgery of 
the Acddentally Exposed but Uninjured Lateral Sinus — 
Surgery of the AcciderUaUy Injured Sinus (Dangers) — Varie- 
ties of Thrombosis — Surgical Signs Pointing to Thrombosis — 
Indications for Employing Test-puncture of the Lateral Sinus 
— Dangers of Test-puncture — Indications for Opening the 
Sinv^ — Contraindications for Opening the Sinu^ — Indicaiions 
for Ligature or Resection of the Internal Jugular — Indicaiions 
for Jugular Ligature {Resection) Before, At and After the 
Sinus Operation — Operation of Exposure of the Sinu^ — 
Opening of the Sinu^ — Resection of the Jugular — Dangers 
Presented-- After Effects — Hindrances to the Operation on 
the Jugular — Results of Various Procedures — Untoward 
Sequelce — After-treatment. 

Historical : Hooper as early as 1826 correctly recognized both 
sinus phlebitis and sinus thrombosis. 

Other early observations recorded are those of Abercrombie, 
1835, Bruce, 1840, Virchow, 1845, and SedxUot, 1849. 

In 1856, an accurate description, based on personal observa- 
tions and accompanied by a citation of cases, was published by 
Lebert (1). The reports of Dusch, Gerhardt, Griesinger and 
Heubner (2) followed. 

Ligature of the internal jugular vein was first advocated by 
Zaufal (3), in 1880. Because expectant treatment almost inva- 
riably meant a hopeless prognosis, Zaufal ligated the internal 
jugular and incised the affected sinus, at the time of mastoid 
exenteration in an effort to prevent dislodged pieces of a throm- 
bus from entering the general circulation. In 1884, he reported 
on a case wherein, after performing his mastoid evisceration, he 
opened, washed and drained the diseased sigmoid sinus. Death 
resulted, however, from metastatic lesions in the lungs (4). 

203 
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In 1886, Horsley (5), recommended a mode of treatment similar 
to that advocated by Zaufal, at the same time reporting a case 
in which the sinuses of both sides were opened and both jugulars 
tied. The case is reported to have died from the effects of shock. 

General interest in the subject of sinus thrombosis was aroused 
by the reports published by Lane (6), 1899, and Ballance (7), 
1890, and from that time on many valuable contributions have 
been added to our knowledge of this complication of middle ear 
disease. 

Anatomy : The lateral sinuses are the largest of the cranial 
blood-vessels. They extend from the internal occipital protu- 
berance to the jugular foramina, terminating at the beginning 
of the internal jugulars at the jugular bulb. They pass down- 
ward, outward and forward, on both sides of the head, and in 
their course groove the squamous portbn of the occipital, the 
posterior inferior angle of the parietal, and the mastoid portion 
of the temporal bones. (See Fig. 55.) 

The lateral sinus is divided anatomically into the horizontal 
or lateral portion, and the sigmoid portion. The point where 
these anatomical sections meet and where the lateral portion 
takes a sharp turn downward and forward, is designated the 
"knee" of the sinus. 

The horizontal portion of the sinus (often designated the lat- 
eral sinus) is situated at the base of the tentorium cerebelli. 
This portion of the vein is triangular on section, with its base 
directed toward the occipital bone. The sigmoid portion of the 
sinus is semi-cylindrical on section, especially that portion of it 
which lies below the tentorium cerebelli. 

The superior petrosal sinus empties into the sigmoid sinus near 
its posterior end ; the mastoid emissary vein empties into it, some- 
what below and behind the posterior end of the sigmoid section 
of the lateral sinus; and the inferior petrosals empty into the 
jugular bulb. (See Figs. 55 and 61.) 

There is considerable difference in the position of the sinus on 
the two sides of the skull, which must be taken into account 
when operating on this section of the head. The sigmoid sinus 
is usually further forward; that is, it is nearer the external 
auditory meatus, the tympanic cavity and the mastoid antrum 
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on the right side than it is the case on the left side. According 
to Korner (8) this difference between the two sides averages 
about 2.55 mm. This observer drew attention to the fact that 
skuUs of brachycephalic type usually present the middle cranial 
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'WlQ. 55. — General Topography of the Cranial Blood SinuaeSi Seen from 
Above, Showing the Torcular Herophili, the Slump of the Straight 
Sinus, the Lateral Sinus, the Sigmoid Siniis. Buj>erior Petrosal Sinua, the 
Inferior Petrosal Sinus, the Transverse Sinus, the Cavernous Sinus, the 
Circular Sinus, 

foBsa and the fossa signoidea nearer to the external auditory 
canal^ the tympanic cavity and the mastoid antrum than is 
found to be the case in skuUs of the dolichocephalic type of 
contour, 

Trauirtmnn (9) found the sinus further for^^ard in skulls 
which present an angle greater than a right angle, at the junction 
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of the posterior osseous meatal wall and the skull cortex; that 
is, m skulls where the posterior meatal wall markedly slants 
toward the mterior, and with the suprameatal spine of Herde 
situated somewhat medianly. 

Whiting (10) also relies on the angle formed by the posterior 
meatal wall and the mastoid cortex for an estimate of the posi- 
tion of the sinus. Okada (11) reports finding the sinus further 
forward in small mastoid processes than in cases where the masr 
toid process is large. With this latter finding the writer disa- 
grees, since he has not been able to find the sinus further forward 
in small mastoid processes, but on the contrary lias often found 
the vessel situated relative to the small size of the process quite 
far back. 

Held (12), measuring the distance from the protruding portion 
of the sigmoid sinus to the suprameatal spine in 463 adult tem- 
poral bones, finds the average distance to be 12 mm. The great- 
est distance he reports at 23 mm., and the other extreme was 
found in one case where the sinus was in direct apposition to the 
posterior osseous meatal wall. He reports the sinus interposed 
between cortex and mastoid antnmi twice in the series he 
examined. 

Topography of the Lateral Sinus : A line drawn from the 
external occipital protuberance to a point about the level of the 
superior margin of the external osseous meatus, (Afoceiwen (13)), 
will represent in its posterior two-thirds the position of the 
lateral sinus, from the occipital protuberance to the knee. Sec 
Fig. 56. A second line drawn from the parieto-squamo-mastoid 
junction to the mastoid tip, following, if possible, the Ime of 
the obliterated but often discernible squamo-mastoid suture, 
will, in a general way, outline the position of the sigmoid smus. 
(See Ime E,B, Fig. 56.) 

Anatomy of the Internal Jugular Vein : Commencing at the 
jugular bulb, the internal jugulars run in a diagonal course down 
the side of the neck, at whose root they unite with the subclavian 
veins to form the innominates. 

At its commencement, the internal jugular lies upon the rectus 
capitus lateralis, and behind the internal carotid artery and the 
nerves which pass with it through the jugular foramen. At a 
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somewhat lower plane, the mtemal jugular and the carotid lie 
upon the same level, with the glossopharyngeal and hypoglossal 
nerves passing between them. The pneumogastric descends 
between vein and artery in a position somewhat behind them, but 




Fig. 66. — ^Topography of the Lateral and Sigmoid Sinuses, on the 
Side of the Skull. 

K-L, Reid's Base Line. G, Lateral and Sigmoid Sinuses (H) the Posterior 
Two-thirds of the Line A-B Gives the Lateral Sinus. The Line B-E 
Indicates the Position of the Sigmoid Sinus. Line OF Skirts the 
Post Meatal Wall. D, Henle's Spme. 

nevertheless in the same sheath as the vessels. The spinal ac- 
cessory nerve crosses obliquely outward behind the vein. 

At the root of the neck, the vein of the right side is placed at 
a little distance from the artery ; on the left side, it usually lies 
over the artery at its lowest part. The right internal jugular 
crosses the first part of the subclavian artery. 
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The internal jugular vein m of considerable Bi2c% but vi 
individuaL^; the left is usually tlie smaller. In it-s course/ 
internal jugular receives the facial, the lingual, the pharyngealj 
the superior and the inferior thyroids, and, occasionally, the 
occipital vein. ^ 

Topography of the Internal Jugular Vein : The side of the" 
neck can be outlmed as a somewhat UTegular ciuadrilateral space. 
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Fia. 57,— The Triangles of the Neck, from the Side. (After BanJelebeD}. 



The upper boundary of this space is the lower border of the hodj 
of the jaw and a line from the angle of the jaw to the mastoid 
process. Below, the space is limited by the prominent upp 
outline of the cla\acle. In front, the median line of the neck" 
limits the area, and behind, its outline is bounded by the ai^j 
terior border of the trapezius, (See Fig, 57.) ^M 

This quadrille space is divided into tw^o triangles by the stemo- 
mastoid muscle, extending obliquely from the mastoid process 
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^bove, to the clavicular end of the sternum below, (See Figs. 
S7 and 58.) 

The jugular vein takes its course along the anterior border of 
tbe sterno-ma8U)id nuiscle, lying BOiiiewhat underneath and 
occasionally a little Ix'hintl the anterior liorder of the muscle, 

Tlie anterior lM>rder of the stemo-mastoid muscle, whose poei- 
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tkii b generally easily felt tluough tlK* overlying skin and f Ascia, 
is the surgical guide to t!ie ineinion wiiich exposc^s the vein either 
for ligature or for resection. (Fig, 58.) 

The Surgery of the Accidentally Exposed but Uninjured Lateral 
Sinus : When euret ting the mastoid cells in the region of the sig- 
moid sinuH, whether in acute or chronic castas ^ the thin tablet of 
bone overlying the sinus is sometimes removed j exposing the 
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sinus wall to view. If the vessel wall itself is uninjured by the 
procedure, very little danger need be apprehended from the 
accident. 

Such unintentional exposure of the sinus usually happens in 
cases where the disease has so softened the bone, that it easily 
breaks down under our attack. Reasonable care in handling the 
curette when operating in this region, will often save the smus 
from exposure. The danger lies in the failure to remove splinters 
of bone which may become impacted between the vessel's coat and 
the surrounding bone after its bony casement has been opened. 
These splinters should be carefully removed by means of a small 
blunt hook or forceps. Splinters are often overlooked, and are 
sometimes only noticeable when it is observed that the vessel wall 
stands off from its bony canal. If permitted to remain in place, 
they act as irritant foreign bodies, and may set up local inflam- 
matory reactions which eventually may involve the vessel walls 
if they do not lead to the more serious complication, namely, 
compression thrombosis.* 

When the sinus is accidentally imcovered, it is well to enlarge 
the exposed area and cover the sinus wall with a light tampon 
of iodoform gaUze. This should not be pressed into the bone 
opening, but lightly laid over it. The tampon, moistened with 
absolute alcohol, is kept in place during the exenteration of the 
mastoid cells, which proceeds as if no accidental exposure of the 
sinus had taken place. At the termination of the operation, a 
separate piece of gauze is placed over the exposed sinus, and the 
rest of the dressing applied as already described in the after- 
treatment of the mastoid. 

We have never observed any ill effects to result from the simple 
exposure of the sinus, when the accident was handled as just 
described. 

The Surgery of the Accidentally Injured Sinus : When the 
coat of the sinus is ruptured or lacerated by instrumentation 
during the evisceration of the overlying mastoid cells, then the 
dangers of sequelae are increased. 

Dependent to a great extent upon the stage of the mastoid 
operation in which the accident occurs, injury to the sinus not 
only presents dangers inherent to the lesion, but it also handi- 
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caps the surgeon in the satisfactory completion of the operation 
on the mastoid. 

If the sinus is found far forward, the accidental rupture of the 
walls of this blood-vessel may occur very early in the operative 
procedure. The ensuing hemorrhage through the small opening 
is not only difficult to control, but it obscures the operative 
field. Added to this are the risks which follow laying open a 
large blood-vessel to infection from a suppurating mastoid. 

The treatment of the accident consists in deftly introducing a 
plug of iodoform gauze moistened with absolute alcohol into the 
bone opening, and pressing it against the tear in the sinus wall. 

The hemorrhage thus controlled, the plug is held in place by 
an assistant, and the enlargement of the mastoid excavation is 
continued rapidly until the bony tablet covering the sinus is 
outlined on both sides of the injury. Plugs of iodoform gauze 
to control the hemorrhage are then insinuated between the bony 
casement and the sinus wall, both above and below the site of 
the injury. The plug held by the assistant is now removed and 
the wound in the vessel wall carefully examined. 

If the wound is found to be small and its edges can be brought 
together, then a suture of the tear may be tried. In placing 
such a suture, the thread should penetrate only the outer coats 
of the blood-vessel, the serous lining being spared when passing 
the suture. A plug of iodoform gauze is placed over the sutured 
wound, and the plugs shutting off the blood circulation are 
removed. This method is not often applicable because the 
laceration of the vessel wall is usually not a smooth, incised 
wound, but rather an irregular tear whose jagged edges cannot 
be brought to proper coaptation. 

Very small lacerations, and puncture wounds, are treated by 
placing a plug of iodoform gauze moistened with absolute alcohol 
over them. The amount of pressure exerted when the plug is 
first placed in position at the time of the accidental injury, can 
usually be lightened before the final dressing is placed in the 
mastoid, thus preventing an obliteration of the lumen of the 
blood-vessel. We have observed cases where the patency 
of the blood-vessel was thus re-established, and no untoward 
sequelsB followed the accident. 
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When the laceration of the smus wall is of such a nature that 
its suture is impossible, or the wound in the vessel's wall too 
large to be checked safely by a tampon placed over it, a tem- 
porary gauze pad held by an assistant controls the hemorrhage 
until the proximal and distal ends of the sinus are closed by 
small gauze plugs. These are insinuated between the bone and 
the vessel walls, compressing the walls so as to occlude the 
lumen. Where the accident happened before the operation is 
completed, the mastoidectomy continues after the hemorrhage 
is under control. 

The gauze plugs placed upon the vessel to control the hem- 
orrhage are generally left in situ for at least seven days. They 
are not disturbed at the first change of dressings. 

When the jugular bulb is accidentally opened while curetting 
the tympanic floor, an attempt may be made to control the 
hemorrhage by placing a plug in position at the point of injury. 
Usually it will be necessary to ligate the internal jugular, and 
occlude the sinus by a compression plug placed on the sigmoid 
side of the bulb. This accident is the most serious of the 
series. 

Dangers : The simple imcovering of the sinus presents little, 
if any, danger; extensive exposure and even opening of the 
blood-vessel is almost without danger if properly executed. 
That this accident must not be lightly considered, however, is 
shown by grave sequelae reported by Grunert and Zeroni (14), 
by Pause (15), and Kamer (16). 

The greatest source of danger lies in the instrument employed; 
the chisel, the gouge, or the curette, may be the possible carrier 
of infection to the blood-vessel, and thus directly invade the 
blood-stream. 

In all cases where such accidents occur, it is well to look for 
symptoms referable to sinus complications. When such symp- 
toms develop they should be treated in accordance with their 
gravity. 

Varieties of Thrombosis : Irrespective of the sinus involved, 
thromboses are divided upon clinical characteristics into two 
general types: the non-septic and the septic thrombus. 

Pathologically, they are divisible into two general classes, the 
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wall thrombus and the obstructmg thrombus. The latter is 
usually of the septic type; the former may be either septic or 
non-septic in character. 

Leutert (17) believes all thrombi are septic, and advocates 
their removal; we agree with Jansen and Heine that non-septic 
sinus thrombi may occur as the result of a mechanical compres- 
sion of the sinus wall. Such pressure may be made by pus and 
detritus in a purulent mastoid cavity. In such cases it often 
happens that no symptoms referable to the sinus are present at 
any time during the disease of the ear. We have seen cases of 
this class recover completely after evisceration of the purulent 
contents of the diseased mastoid. 

The sinus wall is exposed to the purulent contents of the mas- 
toid cavity; occasionally it is bathed in actual pus, forming a 
condition which we designate " perisinus abscess." Upon cleans- 
ing away the detritus, the sinus wall is found covered with granu- 
lations; these are easily wiped off. The sinus wall itself is dis- 
colored, often thickened, and if exposed for any extent, the 
demarcation of the diseased from the healthy portion of the 
sinus becomes evident. 

At times, portions of the discolored part show indentations, or 
present a rather sunken-in appearance. Usually pulsations are 
present; the absence of these does not necessarily mean an 
obstructing thrombosis. Whether the vessel contains blood or 
not can be demonstrated by making a test puncture through its 
thickened wall. 

In the majority of cases, the thrombosis is found to be situated 
on the wall of the vessel, extending possibly some distance along 
its coat. We regard this as a protective manifestation rather 
than as the evidence of a virulent process. Test-puncture is 
not recommended in such cases, and in the absence of distinct, 
physical, local, and constitutional symptoms, no surgical inter- 
ference should be attempted. 

Furthermore, as Jansen, Heine, Kerrison (18), and others 
have held, the granulations found upon the sinus wall are to be 
regarded as protective, agents and should not be removed. The 
increased rigidity and the consequent absence of pulsations may 
be due to these protective granulations. 
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The procedure advocated in such cases is to wait, first remov- 
ing all diseased bone and detritus. In the great majority of 
cases, recovery usually follows without further incident. We 
hold it a technical error either to puncture the blood-vessel in 
such cases, or to open the sinus wall to examine its interior, aod 
we take exception to the standpoint of Richards (19), and 
Leutert, who advocate such procedures, even in cases where the 
sinus is only under suspicion, and fails to give distinct sjrmptoms 
of septic involvement. 

On the other hand, compression thrombi, situated along the 
wall of the sinus, when giving systemic symptoms — chills, fever, 
headache, pain in the region of the jugular — are to be considered 
in another category; these demand inspection and prompt sur- 
gical attention. Here puncture may be tried, although it has 
usually been found unsatisfactory. Incision and inspection of 
the interior of the vein are indicated. We will revert to the 
technique below. 

Upon exposure of the vessel's wall the obstructing, infectious 
type of sinus thrombosis is readily recognized. The vessel is 
found to be hard and full and usually incompressible. It may 
be covered with granulations, or its walls will be found very thin 
and infiltrated with purulent inflammatory exudate. I saw 
cases where the walls had been completely destroyed by the 
purulent process, there being no evidence of the liunen of the 
blood-vessel, only its posterior wall covering the brain remain- 
ing intact. The interior of the vein was exposed and formed 
part of the pus sac which was shut off from the torcular and the 
bulb by the remains of the original thrombus. In many cases 
the picture presented is not as distinct as that just described; 
in many cases the character of the lesion is obscure, and it is in 
these doubtful cases that test puncture, or better still, explora- 
tory incision of the vein settles the diagnosis. 

This type of sinus thrombosis usually gives rise to the typical 
systemic symptoms of vomiting, fever and chills, with the 
characteristic rapid fall of the temperature curve, accompanied 
by sweating; the cycle of chills, fever, and drop in temperature, 
with sweating frequently recurring twice or oftener in twenty- 
four hours. Metastases bring in their train their characteristic 
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symptom complex. For a detailed discussion of the sjrmptoma- 
tology of sinus thrombosis, the reader is referred to text-books 
dealing with this subject. 

Surgical Signs Pointing to Thrombosis : In sinus thrombosis, 
cedema at the posterior edge of the mastoid process from occlu- 
sion of the mastoid emissary vein; and even the formation of 
subperiosteal abscesses have been observed {Griesinger, 20). 
Infiltration of the muscles of the neck has also been observed. 
According to Komer (16), this points to perisinus abscess rather 
than to sinus thrombosis of the lateral sinus. Gerhardt (21), 
and Petrem (22) have observed an inequality in the feel of the 
jugulars of the two sides in cases of thrombi occurring among 
marasmic children. In thrombus, Voss (23) fails to hear the 
bruit of the blood passing through the affected jugul^; a sign 
which Komer has verified. , 

The stethoscope should be placed rather high on the neck, 
and the sound heard should be compared with that found over 
the carotids. 

The appreciation of the presence of a strand or string in the 
neck when the jugular is thrombotic is a common observation. 
Jansen (24) and Schvxirtze (25) contend that pain in the jugular 
region, without swelling or without finding a cord-like strand 
along the site of the vein, is evidence of absence of disease in the 
jugular. It should be remembered, however, that the throm- 
bosed jugular cannot always be palpated. The posture of the 
head is often characteristic, however. The patient holds the 
head steadily fixed toward the diseased side, and endeavors to 
avoid all motions of the head because of the attendant pain. 

Finally, we have physical signs from the concomitant involv- 
ment of regional nerves; thus hoarseness, aphonia and dyspnoea 
are reported, due to compression of the vagus. Kessell (26), 
Siacke and Kretschmann (27), and Schvxirtze (28); while Beck 
(29) has observed death through paralysis of the vagus. Re- 
tardation of the pulse; spasm in the stemo-mastoid {Wreden, 
30), and hypoglossal paralysis have been observed {Beck, Kessel). 
Painful swelling in the neck from thrombosis of the venae emis- 
sarise condyloidese are reported by Macewen (13). Oedema 
of the eyelids, with phlebitis of the ophthalmic veins and 
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hypersemia of the retina and optic neuritis, and occasionally 
retrobulbar oedema with exophthalmos or orbital phlegmon, 
either together or in any combination, are suggestive of throm- 
bosis of the cavernous sinus. Neuralgias of the first branch of 
the trigeminus and paralysis of the abducens, the trochlearis 
and the oculo-molor are likewise often significant of involvement 
of the cavernous sinus. 

Summari.zing the surgical signs of sinus thrombosis, we find 
that they consist of symptoms referable to the involvement of 
veins external to the skull, and signs of injury to nerves which 
emerge from the skull with the sinus through the jugular fora- 
men. 

The interpretation of these signs with the clinical S3miptoms 
give the indications for operation on the diseased sinus. 

Indications for Employing Test -puncture of the Lateral Sinus : 
The main value of the test-puncture is a diagnostic one. When 
a sinus has been exposed during mastoid operation, and has 
either been the scat of a perisinus abscess, or when the vessel's 
walls show discoloration or purulent infiltration, with absence of 
pulsations; or when they are found hard to the touch and cov- 
ered by granulations which are easily wiped off; and when, with 
such findings, fever not only persists after mastoid operation, 
but takes on a pyaemic curve, unaccounted for by any other 
lesion, then suspicion is rightfully directed toward the discolored 
sinus. A puncture of its walls with a sterile needle attached to 
a suitable syringe is indicated imder these conditions, to obtain 
information as to the condition of the interior of the veins. 

Only positive findings from the puncture are of practical im- 
portance; negative findings — the demonstration of fluid blood 
in the vein — do not rule out sinus thrombosis. The puncture 
may be negative because the needle has penetrated beyond the 
thrombus. This is easily conceivable if the thrombus is located 
on the sinus wall. It may also be negative because the throm- 
bus lies centrally, surrounded by fluid blood, or because the 
thrombus is located at a point different from that reached by 
the needle, as when the thrombus is located at the jugular bulb 
and the needle is introduced at some point nearer the sinus knee. 
Finally, after the disintegration of a thrombus, the blood channel 
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is re-established, and fluid blood may be withdrawn and a nega- 
tive result obtained which naturally is of no diagnostic value. 

Furthermore, the failure to procure fluid blood may, in rare 
instances, be due to the failure of the needle to penetrate the 
entire thickness of the sinus walls, or the needle may have pene- 
trated beyond the opposite sinus wall. This latter contingency 
must be guarded against especially when puncturing in the region 
of the tentorium cerebelli. The finding of pus or purulent blood 
is of diagnostic value. No diagnostic data is to be adduced 
from a dry puncture. 

Dangers of Test -puncture : The danger of infecting a healthy 
sinus should be borne in mind when it is unnecessarily punctured. 
Green (31) reports a case where a thrombus was found at the 
puncture point, following a test-puncture. The use of the punc- 
ture carries with it the danger of dislodging a thrombus, and dis- 
lodging particles which pass into the general circulation. Hence, 
the puncture should never be undertaken except where the signs 
and the symptoms are so marked that the surgeon is prepared 
to proceed at once to the opening of the sinus and the eradication 
of the thrombus. 

Indications for Opening the Sinus : Where suspicion is aroused 
by the post-operative persistence of temperature, the advent of 
headache, etc., whether the operation in question was the simple 
or the radical mastoid; and where the symptom complex is 
otherwise imexplainable — a test-puncture failing to furnish addi- 
tional diagnostic data^then the incision of the sinus is indicated 
to establish the diagnosis of thrombus. Where the findings are 
positive we clean out the infected accumulation from the vessel. 

Where during the performance of mastoidectomy, the destruc- 
tion of bone has extended to the inner table and has exposed 
the sinus wall, bathing it in the purulent contents of the mastoid 
cavity, or involving the sinus in a perisinus abscess; and where 
the evisceration of the diseased bone and the cleansing of the 
wound cavity is not followed by the prompt cessation of pysemic 
symptoms — then the opening of the suspected vessel is indicated. 

Furthermore, in cases where a perisinus abscess is uncovered, 
and is foimd to involve the integrity of the vessel wall, or to have 
destroyed the wall, and where the sinus itself is open and 
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contains pus, shut off above and below by obstructing thrombi, 
then the cleansing of the open sinus is indicated, with ligature 
or resection of the jugular, as the condition presented may 
demand. 

When a sinus is either uncovered, or is found upon exposure to 
be hard, non-pulsating, almost incompressible and discolored— 
then the opening of the implicated vessel is indicated, if septic 
symptoms persist for any length of time (usually beyond twenty- 
four hours) after the performance of mastoidectomy. 

In all these cases, except possibly where we find the vessel 
opened by the purulent process, we first perform the mastoid 
operation, and then await the clinical development of the case. 

We do not advocate immediately opening the sinus upon mere 
suspicion, but only when we have clinical symptoms of sepsis 
pointing to the sinus, which persist after mastoidectomy has 
been performed. As Komer, Heine and others point out, many 
cases exhibiting distinct pysemic symptoms recover without 
operation upon the sinus, even when perisinus abscesses are 
present, an observation which we have seen verified in cases 
under our care. 

We cannot agree with Richards (19) who advocates opening 
the sinus regardless of the appearance, of the feel or the pulsa- 
tions of the vessel, when S3rmptoms of septic absorption are 
present, but the involvement of the sinus as the cause of these 
symptoms is only surmised. Nor do we agree with him when he 
advocates the opening of the vessel after exposure upon mere 
suspicion. Were we to accept the one proposition, we would 
unnecessarily open many a healthy sinus, and to operate with- 
out symptoms, upon mere suspicion, is not conservative surgery. 

To summarize, we open the sinus: — 

1. When evidence of a disintegrating thrombus is presented 
by the symptom complex, and when the test-punctiu^ is nega- 
tive, with persistence of symptoms referable to the sinus; 

2. In cases where the sinus wall is destroyed to a greater or a 
lesser degree and where possibly some of the clot is still in situ; 

3. In the presence of repeated chills, septic temperature, and 
a poor physical condition of the patient, otherwise unaccounted 
for, with a suspicious-looking sinus wall; 
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4. In the presence of optic neuritis (not a certain indication). 

The symptom complex must govern the surgeon's judgment. 
There is no hard and fast rule for all cases; the procedure must 
be made to fit the findings in each case. 

We will revert below to the question of ligature of the jugular. 

Contraindications for Opening the Sinus : In cases where 
severe sepsis or toxsemia is present surgery is almost hopeless; 
nor will the opening and the removal of the clot be of much avail 
where severe and extensive meningitis already is present. When 
metastases have involved the lungSy there is small chance of 
recovery. 

On the other hand, in spite of the above, the surprising record 
of many cases — ^whose published histories show the desperate 
straits to which the patients were reduced and from which they 
recovered after operation upon the sinus — ^has encouraged sur- 
geons so much that the operation is tried on all cases, no matter 
how desperate, in the hope of securing an unexpected recovery. 
In such cases, the chances of recovery are small. 

Indications for Ligature or Resection of the Internal Jugular : 
When secondary to mastoiditis, unmistakable signs of infective 
sinus thrombosis supervene, and the evidence presented is such 
that we conclude that the infected thrombus has either under- 
gone disintegration or is threatened with disintegration, then 
the exposure and the eventual ligation of the internal jugular 
vein are indicated. If, in addition, the jugular vein is throm- 
bosed, giving, upon palpation, the feel of a hard cord-like strand 
and terminating gradually at its lower end until this feel is lost — 
an evidence of descending disintegration of the thrombus in the 
jugular vein — then the resection of the diseased section of the 
vein is indicated. 

In each instance, the sigmoid sinus must be immediately 
opened, lest the thrombus spread toward the torcular, the petrosal 
sinus, or the cavernous sinus. This is the general principle. 
The mode of procedure is modified by the conditions governing 
each individual case. 

The resection or the ligature of the jugular vein is recommended 
in all cases of sinus thrombosis by Leutert (32), Schencke (33), 
Grunert (34), Viereck (35), and Zaufal (36), who usually tie off 
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the jugular vein before they open the sinus. Ck>ntrary views are 
held by Jansen (37), Brieger (38), Komer (16), Richards (39), 
and others. 

The time during the operation at which to ligate the jugular 
vein b a mooted question. The authorities cited above reoom- 
mend that the vein be ligated as soon as the diagnosis of septic 
thrombosis is made, usually before the sigmoid sinus is opened. 
The reasons given are mainly — to prevent ^emboli from passing 
into the general circulation (Grunert) ; because of the impos- 
sibility of absolutely establishing the presence of an obstructing 
clot below the bulb (LeiUert), and because there is danger of 
detaching fragments which will pass into the general circulation 
while the surgeon is working upon the sigmoid sinus (SchetU^). 
On the other hand, Heine (40) recommends the opening of the 
sinus in the first place, with removal of the thrombus, reserving 
the ligature of the jugular for special cases. He then advocates 
expectant treatment to await the outcome of the removal of the 
thrombus, even in cases where the central end of the thrombus 
proves to be inaccessible. He ties the jugular vein only when 
severe pyaemic symptoms persist after the removal of the throm- 
bus from the sinus. Komer holds the ligature of the jugular 
vein justified in all cases of thrombosis, even if no pysemic 
symptoms supervene. 

The position held by the thrombus is of importance in 
determining whether to tie the jugular vem prior to, or after, 
opening the sinus. Thus if the thrombus is located in the bulb, 
and exposun^ of the sigmoid and the application of Whiting's 
Test* show the thrombus to be at, or below, the bulb, then 
ligature of the jugular is indicated bc*fore the sinus is opened. 

C!onmienting upon the difficulty of making a positive diag- 
nosis of the lower limit of the thrombus prior to opening the 

♦Whitino'h Te8t(41): The index finpr is placed acrott the ainui at 
the bulb (wiiich is exposed) with sufficient firmncM to cause oblitmtive pre*. 
sure upon the walls at this point. The other index finRer m then pheed 
beside the first one. and with a stnppinK motion passed alraig the TMri's 
course toward the torcuUr as far as the exposure pcrmiU. Firm pnmm is 
now made by an assisUnt upon the jufcuUr \'em low down in the neck* pro- 
ducing a backwani blood pressure toward the bulb. 

It is obvious that were an obstnicting thrombus present in^eitlMr the 
iiiimlar vein or the sinas. that the collapseil walls of the sinus would not buke 
IJSiaHe of blood dlHtontion whiMi the owct ukIox fineor is removed. If they 
do bulRC then presumably no olistructing thrombus is present. 
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sinusy Richards calls attention to the possibility of unnecessarily 
iigating or resecting many jugulars, when we perform the opera- 
tion on thfe jugular before the sinus is opentKi. After slitting the 
sinus, wall as far as possible toward the bulb he proceeds to 
jhe jugular resection if he fails to produce a spontaneous flow, 
>r if the flow of blood is found to be insufliicicnt. He does not 
attempt to curette the thrombus from the bulb before the work 
:)n the jugular vein is completed. His reasons for not disturbing 
the dot in the bulb prior to jugular resection are the dangers 
^hich result from detached fragments, and also because of the 
Guiatomical difficulties presented by the bulb to curettage from 
above (39). 

A thrombus whose position is unmistakably defined, and which 
lies well up above the bulb, can be completely removed without 
resorting to jugular resection or even ligature. Bearing in mind 
the findings of JanaeUy BriegeVj Preysing (42), Richards, and 
others, we formulate the indications for jugular resection as fol- 
lows, endeavoring to classify and group the cases so as to point 
out the times when surgical intervention on the jugular is indi- 
cated. 

Indications for Jugular Ligature (Resection) Before, At, and 
After the Sinus Operation : 

I. The ligature and the resection of the jugular are indicated 
before mastoidectomy: 

(a) In cases which come under observation late and present 
a symptom complex of septic pyaemia, accompanied by an infil- 
tration along the course of the jugular vein, which is painful 
upon manipulation; 

(6) In cases with a symptom complex of septic pyaemia which 
accompanies an acute or chronic mastoiditis, and where the ex- 
amination reveals a distinct, hard cord-like band in the locality 
of the jugular. The stethoscope placed over the vein fails to 
give the bruit, and all physical signs point to an extensive in- 
volvement of the jugular vein; 

(c) In cases of grave sepsis (septic otitic pyaemia) wherein 
demonstrable pyaemic metastases are prest»nt; 

(d) In cases where the positive diagnosis of jugular phlebitis 
or primary bulbar thrombosis is possible. 
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the jugular vein before they open the emus. Contrarj' views are 
held by Jaiisen (37), Brieger (38), Kdmer (16), Hkhardk (39), 
and others. 

The time during the operation at which to ligate the jugular 
vein h a mooted question* The authoritit^s cited atjove recotii* 
mend that the vein be ligated as soon as the diagjiotTib of septic 
thrombosis is made, usually before the sigmoid sinus is opeocd. 
The reasons given are mainly— to prevent eml>oli from pai^dng 
into the general circulation {Grunerl); because of the imi>06^ 
sibiiity of absolutely establishing the presence of an otj^trueting 
clot below the bulb (LeiUerl)^ and because there is danger of 
detaching fragments wliirh will pass into the genera! circulation 
while the surgeon is workmg upon the sigmoid sinus (Scheni^}. 

On the other hand, Heine (40) recommends the opt*ning of the 
sinus in the first place, with removal of the thrombus^ reaerving 
the Ugature of the jugular for fipt?cial cases. He then advocAtes 
expectant treatment to await the outcome of the removal of the 
thrombus, even in cases where the central end of the thronibui 
proves to be inaccessible. He ties the jugular vein only when 
severe pyaemic symptoms pcsrsi^t aftc*r the removal of the tlirom- 
bus from the sinus. Kiwiwr holds the ligature of the jugular 
vein justified in all cases of thromboeiB, even if no pyratiie 
symptoms 9Uper\^ene, 

The position held by the thrombus is of importance in 
determining whether to tie the jugidar vein prior to, or ftftefi 
opening the sinus. Thus if the thrombus is located in the bulb, 
and exposure of the sigmoid and the application of Whiting^ 9 
Test* show the thrombu.^ to be at, or bcdow, the bulb^ tlicxi 
ligature of the jugular is indicated bc^fore the sinus is opened* 

Commenting upon the difficulty of making a positive diag* 
nosis of the lower limit of the throniljus prior to opening tbie 

^ Wiimritci'A Tist{41): The index Giiger i» pk«d ftcrasi ihm iiirai al 
tb^ bulb (which ts empaoed) with sufBcient firmness Uj cuijact oblltemttvg t)f>- 
sure upon the w^Db ftt this ptiint. Hie other ind^x fiii|i«r k thciti ptcid 
bedde the finut one, utid with a Htrippini: motion pasted &bj^ ih» vtMilW 
eotine tcnvard the torcular ss far ^& the f^xposure permit.^. Firm p«iMUK m 
now niftdfl by an AMbtant upon the jui^ular vein low down in th« neek, p(n> 
dudng a backward blood pressure toward the btilb. 

It b obvious that were an ob«tnjctini^ thrombiis present in ^tbvr ihr 
juicuTar irein or the sinus, that the coilapse<l walls of the siniw would not bulice 
Itecattse of blood distention when the low^-r index fimcer ia removed* 



do hiUp», then prestimably no obstructing thrombus ts praseat^ 
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sinus, Richards calls attention to the possibility of unnecessarily 
ligating or resecting many jugulars, when we perform the opera- 
tion on ttib jugular before the sinus is opened. After slitting the 
sinus, wall as far as possible toward the bulb he proceeds to 
the jugular resection if he fails to produce a spontaneous flow, 
or if the flow of blood is found to be insufficient. He does not 
attempt to curette the thrombus from the bulb before the work 
on the jugular vein is completed. His reasons for not disturbing 
the clot in the bulb prior to jugular resection are the dangers 
which result from detached fragments, and also because of the 
anatomical difl&culties presented by the bulb to curettage from 
above (39). 

A thrombus whose position is unmistakably defined, and which 
lies well up above the bulb, can be completely removed without 
resorting to jugular resection or even ligature. Bearing in mind 
the findings of Jansen, Brieger, Preysing (42), Richards y and 
others, we formulate the indications for jugular resection as fol- 
lows, endeavoring to classify and group the cases so as to point 
out the times when surgical intervention on the jugular is indi- 
cated. 

Indications for Jugular Ligature (Resection) Before, At, and 
After the Sinus Operation : 

I. The ligature and the resection of the jugular are indicated 
before mastoidectomy: 

(a) In cases which come under observation late and present 
a symptom complex of septic pyaemia, accompanied by an infil- 
tration along the course of the jugular vein, which is painful 
upon manipulation; 

(6) In cases with a symptom complex of septic pyaemia which 
accompanies an acute or chronic mastoiditis, and where the ex- 
amination reveals a distinct, hard cord-like band in the locality 
of the jugular. The stethoscope placed over the vein fails to 
give the bruit, and all physical signs point to an extensive in- 
volvement of the jugular vein; 

(c) In cases of grave sepsis (septic otitic pyaemia) wherein 
demonstrable pyaemic metastases are present; 

(d) In cases where the positive diagnosis of jugular phlebitis 
or primary bulbar thrombosis is possible. 
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the jugular vein before they open the sinus. CJontrary views are 
held by Jansen (37), Brieger (38), Kamer (16), Richards (39), 
and others. 

The time during the operation at which to ligate the jugular 
vein is a mooted question. The authorities cited above recom- 
mend that the vein be ligated as soon as the diagnosis of septic 
thrombosis is made, usually before the sigmoid sinus is opened. 
The reasons given are mainly — to prevent [emboli from paasiiig 
into the general circulation (Grunert) ; because of the impos- 
sibility of absolutely establishing the presence of an obstructing 
clot below the bulb (Leutert), and because there is danger of 
detaching fragments which will pass into the general circulation 
while the surgeon is working upon the sigmoid sinus (Schenke). 

On the other hand, Heine (40) recommends the opening of the 
sinus in the first place, with removal of the thrombus, reserving 
the ligature of the jugular for special cases. He then advocates 
expectant treatment to await the outcome of the removal of the 
thrombus, even in cases where the central end of the thrombus 
proves to be inaccessible. He ties the jugular vein only when 
severe pysemic symptoms persist after the removal of the throm- 
bus from the sinus. Kamer holds the ligature of the jugular 
vein justified in all cases of thrombosis, even if no pysemic 
symptoms supervene. 

The position held by the thrombus is of importance in 
determining whether to tie the jugular vein prior to, or after, 
opening the sinus. Thus if the thrombus is located in the bulb, 
and exposure of the sigmoid and the application of Whilinig^s 
Test* show the thrombus to be at, or below, the bulb, then 
ligature of the jugular is indicated before the sinus is opened. 

Commenting upon the difficulty of making a positive diag* 
nosiB of the lower limit of the thrombus prior to opening the 

* Writing's Tbst (41): The index finger is placed across llie i 

the bulb (which is exposed) with sufficient mmness to cause oblitenlivij 
sure upon the walls at this point. The other index finger Is 
beside the first one, and with a stripping motion passed 
course toward the torcular as far as the exposure permits, 
now made by an assistant upon the jugular vein low down ' 
ducing a backward blood pressure toward the bulb. 

It is obvious that were an obstructing thrombus 

liar vein or the sinus, that the collapse<t walls of tfc 

Mwe of blood distention when the lower index ^ 
do bulge, then presumably no obstructing throoah 
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sinus, Richards calls attention to the passibility of unnecessarily 
ligating or resecting niany jugulars, when we perform the opera- 
tion on tht^ jugular Ix'fore the sinus is opened. After slitting the 
sinus wall as far as ix)ssible toward the bulb he proceeds to 
the jugular resection if he fails to produce a si)ontaneous flow, 
or if the flow of blood is found to be insufficient. He doi^s not 
attempt to curette the thrombus from the bulb before the work 
on the jugular vein Ls completed. HLs reasons for not disturbing 
the clot in the bulb prior to jugular res(»ction are the dangers 
which result from detachcnl fragments, and also because of the 
anatomical difficulties prest»nted by the bulb to curettage from 
above (39). 

A thrombus whose position is unmistakably defines:!, and which 

lies well up above the bulb, can lx» complc^tely removinl without 

resorting to jugular resection or even ligature. Rearing in mind 

the findings of Janserij lirieger, Preymuj (42), Rwhnrds, and 

others, we formulate the indications for jugular resection as fol- 

iows, endeavoring to classify and group the cas(»s so as to point 

out the times when surgical intervention on the jugular is indi- 

ca.tcd. 

Indications for Jugular Ligature (Resection) Before, At, and 
Ajf ter the Sinus Operation : 

I. The ligature and the resection of the jugular are indjcaif«c 
b^^Jore mastoidectomy: 

(a) In cases which come under observation late and pnear 
9. symptom complex of septic pysemia, accompapied bj- lo. ■£- 
tration along the course of the jugular vein, whidi it b^bsl 
apon manipulation; 

(6) In cases with a symptom complex of septx- jr 
accompanies an acute or chronic mastoiditit*, and 
amination reveals a distinct, hard cord-like buc 
of the jugular. Thcj stethoscope* jJacid av#r Ik 
pve the bruits and all physical si^Ens 

jMb (« 

on 
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the jugular vein before they open the smus. Contrary views are 
held by Jansen (37), Brieger (38), Komer (16), Richards (39), 
and others. 

The time during the operation at which to ligate the jugular 
vein is a mooted question. The authorities cited above recom- 
mend that the vein be ligated as soon as the diagnosis of septic 
thrombosis is made, usually before the sigmoid sinus is opened. 
The reasons given are mainly — to prevent [emboli from passing 
into the general circulation (Grunert) ; because of the impos- 
sibility of absolutely establishing the presence of an obstructing 
clot below the bulb (Leutert), and because there is danger of 
detaching fragments which will pass into the general circulation 
while the surgeon is working upon the sigmoid sinus (Schenke). 

On the other hand, Heine (40) recommends the opening of the 
sinus in the first place, with removal of the thrombus, reserving 
the ligature of the jugular for special cases. He then advocates 
expectant treatment to await the outcome of the removal of the 
thrombus, even in cases where the central end of the thrombus 
proves to be inaccessible. He ties the jugular vein only when 
severe pyaemic symptoms persist after the removal of the throm- 
bus from the sinus. Komer holds the ligature of the jugular 
vein justified in all cases of thrombosis, even if no pysemic 
symptoms supervene. 

The position held by the thrombus is of importance in 
determining whether to tie the jugular vein prior to, or after, 
opening the sinus. Thus if the thrombus is located in the bulb, 
and exposure of the sigmoid and the application of Whiiing^s 
Test* show the thrombus to be at, or below, the bulb, then 
ligature of the jugular is indicated before the sinus is opened. 

Commenting upon the difficulty of making a positive diag- 
nosis of the lower limit of the thrombus prior to opening the 

* Whiting's Test (41): The index finger is placed across the siniis at 
the bulb (which is exposed) with sufficient mmness to cause obUterative pres- 
sure upon the walls at this point. The other index finger is then placed 
beside the first one, and with a stripping motion passed along ^le ^/^nel's 
course toward the torcular as far as the exposure permits. Firm pressure is 
now made by an assistant upon the jugular vein low down in the neck, pro- 
ducing a backward blood pressure toward the bulb. 

It is obvious that were an obstructing thrombus present in either the 
jugular vein or the sinus, that the collapsed walls of the sinus would not bulge 
because of blood distention when the lower index finj^r is removed* If they 
do bulge, then presumably no obstructing thrombus is present. 
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sinusy Richards calls attention to the possibility of unnecessarily 
ligating or resecting many jugulars, when we perform the opera- 
tion on thfe jugular before the sinus is opened. After slitting the 
sinus, wall as far as possible toward the bulb he proceeds to 
the jugular resection if he fails to produce a spontaneous flow, 
or if the flow of blood is found to be insufficient. He does not 
attempt to curette the thrombus from the bulb before the work 
on the jugular vein is completed. His reasons for not disturbing 
the clot in the bulb prior to jugular resection are the dangers 
which result from detached fragments, and also because of the 
anatomical diflSculties presented by the bulb to curettage from 
above (39). 

A thrombus whose position is unmistakably defined, and which 
lies well up above the bulb, can be completely removed without 
resorting to jugular resection or even ligature. Bearing in mind 
the findings of JanseUf BriegeTy Preysing (42), Richards , and 
others, we formulate the indications for jugular resection as fol- 
lows, endeavoring to classify and group the cases so as to point 
out the times when surgical intervention on the jugular is indi- 
cated. 

Indications for Jugular Ligature (Resection) Beforei At, and 
After the Sinus Operation : 

I. The ligature and the resection of the jugular are indicated 
before mastoidectomy: 

(a) In cases which come under observation late and present 
a symptom complex of septic pysemia, accompaped by an infil- 
tration along the course of the jugular vein, which is painful 
upon manipulation; 

(&) In cases with a symptom complex of septic pyaemia which 
accompanies an acute or chronic mastoiditis, and where the ex- 
amination reveals a distinct, hard cord-like band in the locality 
of the jugular. The stethoscope placed over the vein fails to 
give the bruit, and all physical signs point to an extensive in- 
volvement of the jugular vein; 

(c) In cases of grave sepsis (septic otitic pysemia) wherein 
demonstrable pysemic metastases are present; 

(d) In cases where the positive diagnosis of jugular phlebitis 
or primary bulbar thrombosis is possible. 
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In these cases there is an imperative demand for promptly 
shutting off the general circulation from the source of infection. 
The danger resulting from a possible spread toward tKe cranium 
is manifestly less than the risk incurred by overwhelming the 
general system with infectious material circulating in the blood. 
The mastoidectomy is performed as soon after the jugular re- 
section as the patient's condition will permit. 

II. The- resection or the ligature of the jugular vein is in- 
dicated after mastoidectomy and after exposure of the lateral 
sinus: 

(a) In cases in which the sinus wall appears healthy, and no 
perisinus abscess was found at the time of mastoid exenteration, 
but where, nevertheless, inexplicable chills, with rise and fall 
of temperature — the clinical picture, in other words, of severe 
pysemia are present. In these cases, the sinus should be test«i 
by puncture to locate the clot, and if the test fails, then the 
sinus should be opened, its interior explored before the jugular 
vein is resected. If upon opening the sinus, the flow from both 
ends is free and spontaneous, then the presimiption exists that 
no thrombus is present; on the other hand, failure to get a 
flow from the jugular end indicates ligature and eventual resec- 
tion of the vessel; 

(6) In cases of periphlebitis,- which in the presence of a 
parietal (wall) thrombus, gives severe septic symptoms, mani- 
festly due to septic material which becoming detached, has 
entered the general circulation. 

III. The resection or the ligature of the jugular vein is indi- 
cated after the siniis has been opened: 

(a) In cases in which the opened sinus shows a thrombus 
whose bulbar end is inaccessible; 

(6) In cases where the septic thrombus lies in the bulb; 

(c) In cases where a thrombus located in the jugular bulb has 
undergone disintegration; 

(d) In cases where the sinus appears normal, but in which 
the local findings arc such as to signify jugular thrombosis. In 
this class of cases, after opening the sinus, the operation on the 
jugular is to be completed before cleansing out the sinus {Rich- 
ardsj 39). 
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rV. Finally, the operation on the jugular vein is indicated 
after the, sinus is opened: 

(d) In cases in which the symptoms of pysemia do not 
promptly subside after the apparent complete removal of a 
thrombus, which was located at some point above the bulb; 

(6) In cases wherein an opening was made accidentally in 
the sinus during the performance of mastoidectomy, and where 
subsequently pysemic symptoms supervened which did not 
promptly subside after exploration of the wounded sinus; 

(c) In cases in which exposure and opening of the sinus 
failed to discover a thrombus, and in which, after a variable 
length of time, sjnnptoms of pysemia come on either with or 
without recognizable metastases. In this group of cases, after 
all other lesions have been eliminated by careful differential 
diagnosis, the operation on the jugular vein is in order, on the 
presumption that an undiscovered thrombus is located partially 
in the bulb, or in one of its tributary veins. In this connection, 
it must be borne in mind that fever and chills often remain for 
some time after a sinus has been relieved of its thrombus. In 
fact, Jansen reports observing the persistence of both fever and 
chills for some time after jugular ligature. In conclusion, the 
indications calling for jugular resection, rather than simple liga- 
ture, often depend on the condition of the vein as we find it 
at the time of operation. 

We believe it safer to remove as much as possible of the cardiac 
portion of the vein, because the vessel wall itself is often in- 
fected; this is not observable macroscopically. We do not wish 
to leave a septic strand of useless tissue in sitUj from which 
other contributary veins may become infected. The slightest 
suspicion of actual involvement of the vein indicates its com- 
plete removal. 

The Operation of Exposure of the Sinus : If, during the per- 
formance of mastoidectomy, indications are found directing our 
suspicion to the sinus, we continue the evisceration of the mas- 
toid contents toward the sinus. 

As the hard tablet of bone covering the sinus is reached, it is 
carefully smoothed with the sharp curette, and finally the bony 
covering of the vessel is carefully broken through at a point. 
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preferably near the knee. For this purpose we use a broad, 
rounded but flat chisel. The opening is carefully enlarged so as 
to permit the introduction of the small beak of a rongeur 
under the bone, between it and sinus wall; with this the bony 
covering is easily removed for the desired distance upward 
and backward, as well as downward and forward toward the 
bulb. 

In usmg the rongeur, only small bites should be taken in the 
bone, and in breaking off the pieces, pressure should be exerted 
away from the sinus wall. The pieces should not be broken 
away in such a manner that the end of the instnunent impinges 
on the sinus, or presses into it at each bite, nor should the bone 
be so grasped that the osseous particles press on the vessel wall. 
In any of these contingencies, injury or actual laceration of the 
sinus wall may result. 

Many surgeons prefer the spoon curette to the rongeur for 
this maneuver, a small, rather flat curette serving their pur- 
pose. In the use of the curette, the same care should be exer- 
cised not to pinch the sinus wall, and not to tear and lacerate 
it with the bone fragments as when using a rongeur. In 
Europe, many surgeons employ a flat chisel, rounded at the end; 
the chisel devised by Lucae best answers the purpose. 

With reasonable care, the free exposure of the sinus presents 
no difficulties and is easily and rapidly accomplished. When 
attempting exposure down to the bulb the danger to the facial 
nerve must be remembered, as the nerve crosses the sinus at the 
bottom of the posterior meatal wall. The exposure of the sinus 
backward toward the torcular presents no danger points, although 
occasionally the mastoid emissary vein is injured and bleeds 
profusely. 

When the sinus has been exposed, its appearance, its feel, and 
its color are subject to examination. We note the presence or 
absence of discolorations, granulations, and pulsations. 

If the vein is not opened, we proceed to finish the mastoid 
surgery, and in dressing the cavity, we cover the exposed sinus 
with a separate strip of iodoform gauze, taking special care that 
the packing in the mastoid wound does not compress the vessel 
in any way. Performed in this careful way, the exposure of the 



OPERATION ON THE BLOOD-VESSELS 225 

sinus involves practically no danger at all. The most important 
point to be borne in mind is the absolute removal of all splinters 
of bone. If any particles of bone remain between the bony case- 
ment and the soft wall of the sinus, they act as foreign bodies 
and may subsequently cause trouble. 

During the after-treatment, especial care must be taken not 
to injure the sinus wall in changing the dressing. The exposed 
sinus rapidly becomes covered with granulations, which coalesce 
with those arising from other parts of the wound cavity. The 
remainder of the after-treatment is carried out in a manner 
similar to that described in the after-treatment of the radical 
mastoid. 

The Opening of the Sinus : The sinus is exposed as described 
above and the exposure is extended to uncover fully and freely 
the area which is suspected of containing the thrombus. The 
bone siu*gery of the remainder of the mastoid process is com- 
pleted as rapidly as possible. When a small section of sinus 
which shows a healthy color has been reached beyond the dis- 
eased area, a small plug of iodoform gauze is inserted between 
the bone and the soft sinus wall, completely compressing the 
vessel. This controls the hemorrhage from the distal (torcular) 
end. The exposure toward the bulb is now carried out, and 
when a sufficient exposure has be8n effected, a similar gauze 
plug is here introduced, shutting off the lumen of the vessel cen- 
trally. 

The exposed area between the two plugs is now incised and 
emptied of thrombus and blood. Very little hemorrhage 
follows if the two plugs have been correctly inserted. If 
the thrombus thus removed appears dark red or brown, and is 
found to be of hard consistency, it is not a disintegrating throm- 
bus; and if the exposed area of sinus which has thus been opened 
is found to extend beyond the limits occupied by such a throm- 
bus, we may presiune that the obstruction has been completely 
removed. 

A test of the blood-current above and below now follows. 
Carefully plugging off the lower wound parts, the plug of gauze 
placed at the torcular end of the sinus exposure is cautiously 
withdrawn, and if all the obstruction has been removed from 



226 THE SURGERY OF THE EAR 

this end, a spontaneous blood flow is at once apparent; this is 
soon checked by the replacement of the first plug. The blood- 
soaked packings are now changed, and the maneuver is repeated 
by the cautious withdrawal of the plug at the bulbar end of the 
opened sinus. If a spontaneous, free flow of blood ensues, the 
operator rests his procedure by replacing the plug. 

The opened sinus is now washed with a solution of bichlo- 
ride of mercury (1.3000), and the wound cavity packed as 
aheady described. The obstructing plugs at both torcular and 
bulbar ends of the opened sinus remain in place for a week or 
ten days, and are then cautiously withdrawn and replaced only 
if hemorrhage follows their removal. 

If the opened sinus reveals a clot which is of a dirty green or 
a yellow color, or if the clot is gray or very black, and of a soft 
consistency, or while dark and hard in its central portion, tapers 
off at its central end to a dirty gray or yellow, or if the central 
end is not in view, and the removal of the plug from the central 
end fails to bring on a spontaneous flow of blood, then a tem- 
porary packing of the mastoid wound is indicated and the ex- 
posure and ligature of the jugular vein should be undertaken, 
before any instrumentation is carried out to remove the centrally 
located portion of the thrombus. We deprecate the introduc- 
tion of either curette, probe, or other instrument into the opened 
sinus toward the bulb, for fear of dislodging fragments into the 
general circulation. 

The Resection of the Jugular : The woimd in the mastoid 
having been temporarily covered with sterile dressings, the neck 
is placed upon the stretch and scrubbed and cleansed with green 
soap, alcohol, ether, and bichloride of mercury solutions. In 
sterilizing this field of operation, the neck should not be unneces- 
sarily kneaded. Richards advocates grasping the skin and* lift- 
ing it from the underlying tissue, so as to prevent disturbing the 
contents of the vessel during these manipulations. 

The vein is exposed by an incision placed along the anterior 
border of the sterno-mastoid muscle. The incision is best made 
with a sharp bistoury and carried from the level of the hyoid 
bone, often beginning some distance above it, down to the clavi- 
cle. Bleeding points are rapidly clasped and the dissection con- 
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tinued through the platysma myoides and cervical fascia to the 
sheath of the vessel. In incising through the neck fascia, care 
must be exercised not to pull on the skin or fascia, as then the 
incision will tend to leave the region of the anterior border of 
the stemo-mastoid muscle. Tributary veins are lifted clear of 
the surrounding fascia, and severed between two ligatures pre- 
viously thrown about them. 

As the upper belly of the omohyoid is reached, we cut through 
it and push it aside. We have never observed any ill-efifects 
to follow this procedure. The internal jugular vein is iSnally 
uncovered lying in the sheath with the carotid artery and the 
vagus nerve. The later is situated between and behind both 
these vessels. The jugular vein is freed from the surrounding 
tissue and ligated as low down in the neck as possible. If feas- 
ible, the lower ligature should be thrown about the vessel as 
soon as its lower part is exposed, to prevent loosened fragments 
of clot from entering the circulation during the manipulation of 
the parts. The upper ligature is placed as high and as near the 
bulb as we conveniently can reach (if, possible, above the facial 
vein). All anastomotic branches are now ligated, and the jugu- 
lar vein is resected by removing the entire length of the exposed 
portion, whether a thrombus is found in it or not. 

We advocate the resection rather than the simple ligature of 
the jugular, as the vessel wall is in itself a carrier of infection, 
and spreads the disease to the general circulation through the 
anastomosing branches of the vein. 

The jugular having been resected, a gauze drain is pushed 
upward toward the bulb, then the external wound is loosely 
packed with gauze, and a few purse-string sutures are passed 
t)irough the integument. These sutures are not drawn tightly 
together, but are used to approximate the edges of the skin and 
the fascia over the drainage gauze. At subsequent dressings, if 
conditions are favorable, these edges are gradually pulled to- 
gether imtil they finally become adherent, thus leaving less of 
a disfiguring scar. The external surface is covered with gauze 
and an outer dressing is applied ; primary union of the cervical 
wound should not be attempted. 

Before this is done, the distal stimip of the jugular, i.e., the 
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portion leading to the bulb, requires attention. Spme surgeons 
flush the jugular bulb by introducing the nozzle of a syringe into 
the vein and washing through to the sinus, or vice versa. We 
consider this a technical error, as by such a procedure particles 
of the thrombus may be forced into the collateral venous 
branches and septic particles disseminated through the S3rstem. 
The temporary dressings are now removed from the mastoid 
cavity and the end of the sinns toward the bulb is cleared out; 
a suitably curved curette being used for the purpose. 

The removal from the bulb of as much of the clot as will come 
away by this procedure is all that is necessary. We then flush 
the parts with bichloride of mercury solution; not finding it 
necessary to wash through to the jugular stump. 

A gauze drain is introduced into the bulb, extending into the 
outer dressings. The mastoid wound is lightly packed and 
dressed as already described. The plug at the torcular end 
remains in place for from eight to ten days, and is completely 
removed only when no hemorrhage is apparent at its displace- 
ment. 

Occasionally pus is evident from the bulb end of the sinus, or 
in the jugular stump for a length of time, but this gradually dis- 
appears in cases which are progressing favorably. Efforts to 
close the neck wound follow the subsidence of the suppuration 
at the bulb. The after treatment of the mastoid wound is but 
slightly affected by this additional procedure. The wound is 
permitted to close by granulations as the suppuration ia its in- 
terior subsides. 

In an effort to convert the sinus, the bulb, and the jugular vein 
into one continuous groove, having a common external opening, 
some surgeons completely obliterate the bulb. Grunert (43), who 
advocates this procedure, recommends it where bulbar throm- 
bosis cannot be satisfactorily treated from either above or below 
the bulb. Our experience has shown such a condition to be rare. 
It is always possible to reach the bulb from above and the small 
amount of septic material left behind in a stump shut off from 
the general circulation soon discharges itself into the neck 
wound in a patient whose condition is not ab-eady so profoundly 
septic that recovery is impossible. 
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In cases progressing favorably, we tighten the purse-string 
sutures daily, and sometimes approximate the lips of the neck 
wound, and thus hasten healing. Once we succeeded, imder 
cocaine-anffisthesia, to close the wound in the neck entirely on 
the fourth day. 

Dangers Presented : The dangers of resection of the jugular 
are not to be considered in the Ught of the recoveries which 
result from the operation. Aspiration of air, or dissemination 
of septic emboli during the manipulations, are avoidable by 
placing the lower ligature deeply down in the neck as early as 
possible in the operative procedure. The dangers of local neck 
infections are to be considered, but with reasonable antiseptic 
precautions these are preventable. Accidental injury to other 
structures is guarded against by a thorough mastery of the 
surgical anatomy of the region in which we are operating. 
Care is necessary to avoid including the vagus in the ligation of 
the jugular. Dissemination of emboli, or air aspiration in con- 
tributary branches, is avoidable by placing double ligatures on 
all vessels, between which they are divided. 

As we approach the jugular bulb from the sinus side, the 
danger of injuring the facial nerve where it crosses the sinus 
must be kept in mind. Injury to this nerve is not always 
avoidable. During the removal of the tip of the mastoid, work- 
ing toward the bulb near the insertion of the digastric, the nerve 
may be injured as it emerges from the stylo-mastoid foramen. 

Circulatory disturbances have rarely been observed to follow 
ligature of the jugular. Disturbances in the circulation of the 
brain have been reported by Ldnser (44), and by Rohrback (45). 

After Effects : After the removal of the infected jugular and 
the cleansing out of the sinus, we expect a prompt cessation of 
the pysemic symptoms, a result usually obtained in uncompli- 
cated cases. Occasionally the fever persists for a few days 
longer, and Jansen (1. c.) has observed the continuance of both 
chills and pysemic temperature for some time after jugular 
resection; this has been due to toxsemia. 

The continuance of high temperature, or its recurrence after 
a period of cessation, must always be regarded with suspicion, 
either of the development of metastatic lesions from foci infected 
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prior to the removal of the clot, or of the development of new 
complications (brain abscess, meningitis, etc.). In this r^ard, 
a case recently under my care teaches a lesson: 

A female, eighteen years of age, was operated upon for an 
acute exacerbation of a chronic middle ear suppuration, and at 
the mastoidectomy, a perisinus abscess was discovered which 
had invaded and entirely destroyed the sigmoid portion of the 
lateral sinus. The sinus wall was eroded and presented a large 
irregular opening, from which pus flowed freely without pulsation; 
this orifice communicated with the pmnlent disintegrated interior 
of the mastoid. Obstructing thrombi at the bulb and near the 
torcular shut off the circulation of blood in the vessel. Because 
of her septic appearance, high fever (105® F.) — as soon as the 
local condition was observed — ^jugular resection was resorted to 
before any attempt was made to remove the clot from the bulb. 
The jugular vein was successfully removed. It was found col- 
lapsed, almost free of blood, without macroscopic evidence of in- 
fection of its walls, and no thrombus was located within the vessel. 

The lateral sinus was traced backward to within one-half inch 
of the torcular, before the obstructing thrombus at that end was 
reached and removed and a free blood flow obtained. After 
cleansing the wound and eviscerating the contents of the masr 
toid, and finishing the radical mastoid operation, the wounds, 
both in the neck and in the mastoid region, were packed. 

The operation was well borne and the patient continued to 
improve, the temperature dropping to normal. Both neck and 
mastoid wound cleaned up within a week and the patient was 
permitted to leave her bed and take full nourishment. Toward 
the end of the tenth day, the wound gradually became foul, in 
spite of repeated antiseptic dressings, and the patient's general 
condition began to grow worse. The temperature rose to 101°- 
102° F., and a search for the cause of the trouble was made. 
Sec Chart VIII. 

The eye discs gave evidence of a slight blurring on their tem- 
poral sides, but this was not sufficiently marked to be significant. 
Some lateral strabismus was present, to which, in a few days, 
nystagmus was added. There was some staggering in the gjut, 
but no dizziness or muscular twitchings or vomiting. This 
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condition continued, and an exploration of the wounds was 
made fourteen days after the mastoidectomy and jugular 
resection, imder general ansBsthesia. 

The dura over the cerebrum and cerebellum was uncovered 
and found to be of healthy color and normal in every way. The 
middle ear cavity was examined, and nothing to account for 
the gravity of her condition was found. The region of the bulb, 
both from the mastoid side and from the neck side, received 
attentive examination, but no findings of diagnostic value were 
obtained. 

The patient recovered from the exploratory operation, and the 
disease ran an uninterrupted course for five days longer, with 
continued nystagmus, and pain beginning at the back of the 
head. At the frequent changes of dressings, the exposed dura 
showed nothing abnormal, and the patient's mental condition 
to within two days of her death, remained clear. At this time 
the temperature ranged between 100^-102® F. Examination of 
the ocular fundus now revealed blurring of the disc in the right 
eye, and inequalities of the pupils. 

The patient died suddenly on the nineteenth day after mas- 
toidectomy, that is, five days after the exploratory operation. 
While no post-mortem was performed, a local examination 
demonstrated a subdural abscess, froip which pus exuded after 
death. The pus seemed to come from the subdural space below 
and behind the position occupied by the knee of the sigmoid 
sinus; the intervening dura had exhibited no pathological indi- 
cations of its being the covering of an abscess. Thus an undis- 
covered cerebellar abscess was demonstrated. We cite this 
unfortunate case to impress the gravity of the persistence of 
temperature or other symptoms after the removal of septic 
thrombi from the lateral sinus. 

In conclusion, unless the after-effects immediately furnish 
evidence of uninterrupted improvement, or the symptoms point 
to a condition of general sepsis or metastatic foci, then search 
should be made for intradural, cerebral, or cerebellar abscesses, 
even if the superficial meninges show no signs of pathological 
changes or no increase in the intracranial pressure is demon- 
strable. 
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Obstacles to the Operation on the Jugular : Obstacles to the 
easy performance of the resection of the jugular may be present 
in the form of local oedema of the neck, piunlent infiltration into 
the cervical tissues; regional glandular swelling, and abscesses 
of the neck. In the literature, five cases are reported where the 
diseased jugular was not discoverable (twice not even demonstra- 
ble at the autopsy; (39),) MarkinSy {i&). Schvxxrtze (47), 
Kamer (48), Bamik (49), Schenke (50), Knapp (51), and Muck 
(52) report having experienced trouble in findmg and recognizing 
the collapsed cord-like vein. 

Results of Various Procedures : The simple exposure of the 
sinus to examine its coat has little or no bearing on the future 
course of the case, provided the vascular coat is uninjured and 
the tampons do not compress its lumen during the after-treat- 
ment. The opening of the sinus to explore its interior and 
search for thrombi, if performed under aseptic precautions, like- 
wise plays but a small part in influencing the final outcome of 
the case. In those cases where the thrombi are situated well up 
away from the jugular bulb and removed, th^ patients usually 
recover. The report of Heine (53) on ninety cases wherein an 
actual thrombus was discovered in each case is as follows: 

Sixteen died of intercurrent disease in no way referable to the 
thrombotic vessel; of the remaining 74 cases, 36 recovered. 
Six of the recoveries and eight of the deaths were cases in which 
the jugular was ligated; that is, of the uncomplicated cases, 
48.5% recovered. 

Kamer (54), estimating the results from 308 operated cases, 
finds 180 recoveries and 125 deaths, and 3 whose history was 
mcomplete. I republish his table of results at the top of page 
234. 

Finally, in view of the almost imiversally fatal outcome of the 
unoperated cases, the operation should always be considered as 
a means of possible relief. In view of the many recoveries 
which have followed the operation in cases which were thought 
to be hopeless, this is justified. 

Untoward Sequelae : Untoward sequel© are imcommon. itn- 
ser (44) noted cedema of the brain, ending in death after liga- 
ture of the jugular, and Rohrback (45) likewise makes report 
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Operation 


Number 
of • 
Caaei 


Result 
Doubtful 


Death 


Cured 




Ligature of jugular without 
opening sinus 

Sinus opened without liga- 
ture of juiEular 


9 
132 

94 
68 

5 





2 

1 




4 
55 

36 
29 

1 


5 

77 

56 
38 

4 


-58.3% 


Ligature of jugular (or re- 
section) hefirrt opening 
sinus 

Ligature of jugular (resec- 
tion) after opening sinus. 

opened, but not stated in 
what order 








Totals: 


306 


3 


125 


180 


-68.4% 



Of. p. 282. 

of similar findings. Richards reports having seen obBtnicted 
venous return circulation in two cases. In one, there was evi- 
dent papillitis in the eye of the corresponding side, which, how- 
ever, he considers a doubtful sequela because of the presence 
of papillitis in the opposite eye prior to the operation; in the 
second case, he saw sudden and transient mania. Personally, we 
have seen transient dementia follow mastoidectomy, in which no 
operative procedure was undertaken on the blood-vessels, and 
are inclined to ascribe it to causes other than sudden circulatory 
disturbances. {Hdd (55), Grossman (56).) 

After-treatment : The after-treatment demands absolute rest 
in bed. Changes of dressings are to be made with the patient 
in the recumbent position in bed. A light diet, with rest in 
bed, ought to be maintained for from ten to fourteen days after 
the subsidence of all febrile symptoms. The first dressings of 
the neck-wound in cases which are doing well is made after two 
or three days, but is indicated earlier if the fever persdsts. If 
profuse bleeding has occurred at the torcular end of the opened 
sinus, this plug is not to be removed early. As stated above, 
this plug may be rapidly changed at the end of eight to ten days 
and replaced as long as hemorrhage follows its attempted 
removal. 

If metastatic abscesses are located and are operable, they 
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should receive prompt surgical treatment, with evacuation of 
their contents and repeated dressings. 

The treatment of pysemia consists in a sustaining, easily 
digested diet of milk and eggs, concentrated predigested foods, 
iron internally, while stimulants are administered as necessary. 
Collapse is combated by rectal saline injections, and eventually 
by saline injections by the intravenous route. Small, repeated 
doses of quinine act well in these cases. Irregularities of the pulse 
demand digitalis. In other words, active therapeutical treat- 
ment is often necessary to rescue a doubtful case, especially 
where the sepsis is marked before surgical intervention has 
been possible. 
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CHAPTER X 

THE SURGERY OF THE MENINGES 

Anatomy of the Meninges — Classificaiion of Otitic Meningeal 
Involvement — Surgery of Extradural Abscess and Purulenl 
Inflammation of the Exterior of the Dura — (Historical)-' 
Surgical Signs of Extradural Abscess — Indications for Ojter- 
ation — Operation — After-treatment — Surgery of the IntraMt 
Abscess-r-{Historical) — Operation — Dangers — Brain Hernias 
— Surgery of Otitic Purulent Leptomeningitis — ResuUs of 
Operations — Surgery of General Meningo-encephalitis. 

Anatomy of the Meninges : The brain and the spinal cord are 
covered by three membranes — an external fibrous one, the dura 
mater; an internal membrane, the pia mater; and the arachnoid, 
which lies over the pia mater. The dura mater lines the interior 
of the skull and forms a loose sheath in the spinal column, 
enveloping the cord. The pia mater is of loose, areolar, vascular 
tissue. It closely invests the brain and cord. The arachnoid, 
the intermediate membrane, is nonvascular in nature, closely 
connected with the pia at some places, while at others it is sepa- 
rated so far from it as to leave a space of considerable size. 

The Dura : The dura mater forms a tissue layer of considera- 
ble thickness. It is composed of fibrous and elastic tissue, 
traversed by blood-vessels, which run principally upon its outer 
layer. The dura receives filaments from the fourth, fifth and 
twelfth cranial nerves. Its lymphatic supply is very albundant. 
The subdural space is in communication with the dural veins. 

The dura mater is adherent to the inner surface of the cranial 
bones; it represents their internal periosteal covering. The con- 
nection between the bone and its dural covering is dependent 
upon numerous blood-vessels and fibrous processes which pass 
from one to the other of these structures. Except along the 
lines of sutures, where it is closely adherent, the dura is loosely 
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attached to the bone, especially over the vortex. At the base of 
the skull, which is irregular and presents many foramina, we find 
the dura either continued on through the foramina to the external 
skull surface, finally becoming continuous with the pericranium, 
or its fibrous tissue is lost in nerve sheaths. Cranial sinuses are 
formed by the separation of the fibrous layers of the dura. 

Toward the brain, and in the interstices between its com- 
ponent parts, there are presented reduplications of the dura, 
which are respectively designated the falx cerebri, the tentorium 
cerebelli, and the falx cerebelli. 

The Arachnoid : This membrane, situated between the dura 
and the pia mater, is a thin delicate membrane formed of inter- 
lacing fibrous tissue. ^It contains a few blood-vessels and, while 
generally not supposed to contain nerve filaments, Volkman, 
Bochdalek and Luscka (1), have traced parts of the facial and the 
spinal accessory nerve to this structure. In the cerebral portion 
it passes from one convolution to another. It bridges the sulci, 
and is found at places closely applied to the pia mater, especially 
at the top and sides of the brain. Where it is not adherent to the 
pia, it forms a space between itself and that membrane — the 
subarachnoid space, in which the greater patt of the cerebro- 
spinal fluid is contained. This space also contains the larger 
part of the blood-vessels which go to the brain. 

The Subarachnoidal Space : This space is rather unevenly dis- 
tributed over the brain surface. At places it is scarcely demon- 
strable (over the convexity), while in other brain sections (pos- 
terior two-thirds of the base), it presents itself as a wide interval 
separating the pia from the arachnoid. The widest part of this 
space extends over the medulla, pons and interpeduncular recess, 
as far as the optic nerve. A considerable interval is noted pos- 
teriorly between the cerebellum and the medulla oblongata, and 
a widening is furthermore evident above the corpus callosum. 
Here the arachnoid is stretched across below the falx cerebri. 

At the foramen Magendie, the subarachnoidal space is in com- 
munication with the ventricles of the brain. Though there is no 
direct communicating channel between the subdural and the sub- 
arachnoidal spaces, yet fluid can pass through the meshes of the 
arachnoid into the subdural space (Macewen, 2). 
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The Pia Mater : This is a delicate, highly vascular fibrous 
tissue, closely investing both brain and spinal cord. It entirely 
covers the cortical surface of the brain, dipping into and lining 
the sulci. It becomes invaginated at the lateral and third ven- 
tricles, forming the tela choroidea superior and the choroid 
plexus, and at the fourth ventricle, it forms the tela choroidea 
inferior and the choroid plexus of the f oiu^th ventricle. The pia 
contains a large number of blood-vessels. 

We will discuss the anatomy of the cerebro-spinal fluid in 
the chapter on lumbar puncture. 

Classification of Meningeal Involvement of Otitic Origin: 
According to Komer (3), we classify otitic meningeal invasions 
into five types, viz. : ^ 

1. Purulent inflammation of the external surface of the dura, 
with or without the formation of extradural abscess — ^pachy- 
meningitis externa. 

2. Internal pachymeningitis, or intrameningeal abscesses. 

3. Otitic purulent leptomeningitis. 

4. General meningitis, or meningo-encephalitis; and, 

5. Tubercular otitic meningitis. 

1. The Purulent Inflammation of the External Surface of the 
Dura, and the formation of extradiu-al abscesses, is the most 
frequent otitic intracranial complication. It happens at all 
ages, occurs more often on the right side than on the left side, 
and is generally the sequela of an extension of bone necrosis, 
caries or cholesteatomatous degeneration of the temporal bone. 
Jansen (4) finds it more often the complication of an acute than 
of a chronic middle ear suppuration. 

The bone disease usually has extended to the dura; occasion- 
ally, a fistulous suppurating tract leads to the dura. An accu* 
mulation of purulent exudate most frequently affects the cere- 
bellar region. Often the extradural pus collects in the form of a 
perisinal abscess. 

When the abscess affects the middle cranial fossa, it is located 
over the tegmen antri and tympani. A rarer situation, but one 
to bear in mind, is a pus accumulation over the tip of the tem- 
poral pyramid. The bone is usually not broken down when the 
abscess complicates a chronic middle ear suppuration. The bone^ 
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however, is then found discolored, interlaced with fistulous tracts, 
and often presents sequestra formations in some locality. 

The dura is found discolored, and often covered with granula- 
tions at the juncture of the diseased bone with the diu-a. Occa- 
sionally, the membrane shows surface ulcerations, infiltrated 
with purulent exudate. On the other hand, sometimes we only 
find the diu-a thickened, lifted off from the bone, with a thick 
stream of foul-smelling pus coming away from the exposed area. 

I consider the diif erence of these findings one rather of degree 
than of kind. The findings depend largely upon the time when 
the lesion is discovered. An earlier operation may discover only 
a thickened dura, where a later one would have disclosed an 
ulcerated membrane. The virulence of the invading micro- 
organism also is a factor in this condition. 

2. Intrameningeal Abscess, or Internal Pachymeningitis : 
Where the purulent process disintegrates the dura and penetrates 
to the intradiu'sl space, and a general infection of the subdural 
space has not taken place because of the short duration of the 
invasion, then an intradural or subdural abscess is formed. 
Clinically, we distinguish two types (Kdmer): 

(a). The subdural abscess, accompanied by ulceration of the 
brain surface. Macewen (2) describes this type as an abscess 
formation between pia mater and dura, circumscribed by adhe- 
sions, and presenting superficial inflammation of the brain, and 
often showing brain ulcerations. An abscess of this type, if 
firmly circumscribed, may be latent for some time. 

The abscess is generally located in the middle cranial fossa. 
This type yields to surgical intervention, as the reported cases of 
Macewen, JanseniS), Lucae (6), and others show. We have 
come across this type of cases, some showing multiple brain 
ulcerations, and have seen full recovery take place after evacua- 
tion of the pus. Occasionally, the abscess locates in the cere- 
bellar region, a case having been reported some time ago by 
Heine (7). In his case, which recovered after oj)eration, the 
causative disease was a chronic middle ear suppuration. 

This type of intradural abscess is almost never recognized 
before operation. When relieved surgically, recovery is usually 
prompt. 
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(6). The second type of intrameningeal abscess occurs with a 
diffuse involvement of the subdural space. This t3rpe of case is 
usually observed in connection with extradural abscesses, sinus 
thromboses and actual brain abscesses (Kamer). The lesion 
presents a variety of characteristics, because of its extent and 
varying complications. Diagnosis is rarely possible, except upon 
the operating table. Response to surgical measures is generaDy 
prompt and recovery usually takes place, as the cases reported 
show (8). 

Finally, there are cases which cannot correctly be classified as 
either extra or intradural. These present features of both classes 
and, often in addition, have rather deep ulcerations, or necrotic 
areas on the brain surface proper. 

A case which I saw with Dr. R, Johnson Held, and which 
has as yet been unpublished, gave the following operative 
findings: 

Upon removal of the mastoid cortex, considerable pus, granu- 
lations and bone detritus were uncovered. The entire cellular 
character of the mastoid had been destroyed under the purulent 
attack. The inner tablet of the mastoid was entirely absent, 
exposing the sinus and the cerebellar dura, which was covered 
with discolored granulations. The tegmen over the aditus and 
the antrum was absent. The necrotic inflammatory process had 
destroyed the entire external (lateral) aditus wall and the greater 
part of the posterior tympanic and external auditory meatal 
wall. In other words, nature had attempted to perform the 
radical mastoid operation. 

Examination, after cleaning out the mastoid cavity, revealed 
the absence of the osseous tympanic floor, the dome of the jugu- 
lar bulb being exposed to the contents of the suppurating tym- 
panic cavity. The facial nerve was found exposed, diseased and 
imbedded in granulations (paralysis was present before opera- 
tion). The bony framework of the Eustachian tube had disap- 
peared imder the purulent attack, as well as the anterior tym- 
panic wall, exposing the capsule of the joint of the lower jaw at 
the glenoid fossa. 

The dura over the aditus and tympanic cavity was perforated, 
pus exuding from the opening. Upon exposiu-e of the brain 
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surface, a sloughing ulcer was uncovered, IJ cm. in area, with 
a depth of ^ cm. 

The case made a complete recovery under appropriate treat- 
ment, but died one year later of an intercurrent disease. An 
autopsy was not obtained. 

3. Otitic Purulent Leptomeningitis : This lesion occurs as an 
involvement of the pia mater, and may present itself either inde- 
pendently of, but as a coincidence to sinus thrombosis or brain 
abscess, or it may be the result of any of these lesions. In its 
uncomplicated form, in comparison to brain abscess or sinus 
thrombosis, it is a rather rare sequela of middle ear suppuration. 

Otitic purulent leptomeningitis, although prevalent at all 
ages, is nevertheless, rather] rare in infancy and early childhood, 
according to Heine (9), Komer (3), and Henoch (10). The pia 
is generally found diffusely infiltrated. The pus seems to travel 
along the blood-vessels of the pia and dips into the brain sulci 
with their pia covering. 

Ulcerations of the l^ain surface may be seen. Often rather 
small surface abscesses are formed (Martin, (11), Burkner (12), 
Bezold (13), Wolf (14), and Kamer (15)). These findings are 
usually seen when the case is of long-standing duration. 

Sometimes the pus enters the ventricles, as personal observa- 
tion demonstrated (case cited in full below). 

The greatest pus accumulation generally occurs where the 
meningeal disease is caused by contact with the affected bone, and 
the location of the abscess formation is sought for at the demon- 
straWe point of contact (19). The meningeal involvement 
spreads from this point. In rare cases, the point of contact of 
diu'a and diseased bone does not locate the greatest pus ac- 
cumulation; on the contrary, this is found distant from the 
region of primal infection, i.e., for example at the Sylvian fissure. 
Sonietimes no macroscopic evidence of disease is presented by 
the pia mater (Ray (16), Panse (17), Knapp (18), etc.). 

According to the origin of the infection, we find the pus spread- 
ing along at the base of the brain overlying the tegmen, on the 
diseased side, and along the inner table of the mastoid process. It 
gradually reaches toward the vertex of the brain, traveling along 
the brain convexity, and finally, involves the base of the opposite 
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hemisphere and the cerebellum. Death generally supervenes 
before the pus can spread far along the base toward the oppoate 
side {Komer). 

When the intrameningeal purulency is the result of a labjnin- 
thine infection, we usually find that the meningitis originates 
in the cerebellar region. Autopsies show the affected side to 
give pus localized over the cerebellum, with a tendency to 
spread toward the opposite side of the head, flie pus often 
spreads down along the spinal cord, involving the base of the 
cerebellum in its advance. 

The discussion of the diagnosis of purulent leptomeningitis is 
not within the scope of this work. Suffice it to say that the rapid 
development of the lesion, the demonstrable origin of the infec- 
tion, tend to make the diagnosis easy. 

Severe mental disturbances, with both clonic and tonic spasms 
involving the muscles of the extremities, or with the advent of a 
one-sided paralysis are significant data. Symptoms referable to 
the cord add to the certainty of the diagnosis. Opisthotonos, 
myosis, etc., if present, are characteristic, although the disease 
may be present without such signs. Extradural abscesses of 
cerebellar origin occasionally show opisthotonos. The Kemg 
sign speaks for meningitis, although it is also observed in other 
diseases. Komer missed it in extensive involvement of the 
meninges. 

The differential diagnosis between otitic purulent meningitis 
and a meningitis coincidental to otitic disease is extremely 
difficult. 

We refer the reader to the chapter on lumbar puncture, for 
data which may aid in differentiating between the various intra- 
cranial complications. 

4. General Meningitis or Meningo-encephalitis : This form of 
intracranial lesion has as yet not been established upon a satisfac- 
tory scientific basis. Levi (20) endeavors to show its similarity to 
the serous effusion observed in the pleura, where caries of the 
ribs is present, or to the serous effusion at the epiphysis of long 
bones when these are the seat of osteomyeUtis. 

The pathological data are exceedingly meager. The records 
and personal observations show many cases of meningo-encepha- 
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litis following middle ear suppuration which have completely 
recovered. Komer remarks that these cases were diagnosed 
from then: clinical findings only. The material at hand does 
not permit of a classification of these cases according to their 
pathological aspect. Finally, the nature of the process with 
which we are dealing is as yet obscure. We must still determine 
whether the symptoms presented arise from a single pathological 
process, or from a great variety of conditions. The varying clin- 
ical picture is the chief disturbing factor in solving this question. 

The following characteristics are fairly constant. The disease 
— meningo-encephalitis — attacks the young with greatest fre- 
quency. The signs of meningo-encephalitis serosa often super- 
vene after the mastoid surgery on a previously uncomplicated 
middle ear, labyrinth or mastoid purulcncy {Hertzog (21), Jansen, 
Hegener (22), and Komer). In addition, opacity of the optic 
discs is noted in many of the severe, and quite a few of the less 
severe cases. Such opacity is absent in otitic lepto-meningitis. 

5. Otitic Tubercular Meningitis : Caries of the temporal bone 
is often seen in connection with tubercle of the brain. Henoch 
(23) finds that tuberculous meningitis occurs most frequently in 
combination with caries of the temporal bone. Among children 
it is relatively observed more often than either purulent menin- 
gitis or brain abscess. The cranial cavity is usually invaded by 
the blood-vessel route. Occasionally the disease reaches the 
meninges from the middle ear spaces through infection by con- 
tiguity (24). A rather rare mode of invasion is reported by 
Macev>en who, reporting Case XXI, found the meninges to have 
been invaded through the petrosquamosal suture. 

The Surgery of Extradural Abscess and Purulent Inflammation 
of the Exterior of the Dura : Historical : A case of extradural 
abscess upon Which an operation had resulted successfully, 
reported by Schondorff (25), drew attention to the conditions 
designated as pachymeningitis externa, and extradural abscess. 
Komer reports that these conditions had been observed as early 
as 1822 by Abercrombie and hard; by Toynbee, 1851, Lebert, 
1856, Huguenin, 1876, and Heinicke, 1882. 

A very full and complete description of these lesions ap- 
peared from the pen of E, Hoffman (26), in 1888. He traced 
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the mechanics of the meningeal lesion from the temporal bone 
through the blood vessels of the arachnoid membrane. 

Since then, both at home and abroad, numerous cases have 
been reported. The discovery of extradural abscesses is to- 
day an experience common to all otological surgeons. 

The Surgical Signs of Extradural Abscess : As a general rule, 
the presence of extradural abscess gives few objective signs in- 
dicative of its presence. A very copious flow of pus, by which 
large quantities of purulent matter are discharged at the external 
auditory meatus, leads to a suspicion that such a flow must origi- 
nate from a collection of pus greater than the middle ear spaces 
could accommodate and, hence, such a finding suggests an intra- 
cranial abscess which is emptying through the ear. Toti (27) 
cites a case in point. 

The presumption that an abscess of the character under dis- 
cussion exists is intensified when the excessive purulent otorrhcea 
is of short duration, and then recurs, and simultaneously with 
the advent and cessation of the otorrhcea, symptoms of cranial 
irritation appear and disappear, only to again become evident 
just before the profuse discharge again commences. 

Subcutaneous infiltration behind the mastoid process in the 
region of the mastoid emissary vein, if accompanied by a puni- 
lent otorrhcea, gives presumptive evidence of the existence of an 
extradural abscess in the posterior cranial fossa. This may or 
may not accompany a phlebitis of the sinus transversus {Jansen). 

Generally, the extradural abscess is uncovered only at the 
time of the mastoid exenteration. Then the removal of diseased 
bone leads the surgeon to the aff ectfed dura and to the final dis- 
closure of the abscess formation. 

Indications for Operation : Surgical intervention is indicated 
as soon as pus is suspected between dura and bone. Lane 
(28) suggests that the regional opening from the middle ear 
into the posterior cranial fossa be made so as to uncover the 
dura in every case, wherein actual pus or cholesteatoma is found 
when operating on the mastoid. In substantiation for this ap- 
parent radicalism, he cites cases in which extradural collections 
of pus were thus imcovered, of whose existence he would other- 
wise have been unaware. Komer, following this idea, also 
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ncovered undiagnosed and unsuspected abscesses, and person- 
lly, I have emptied unsuspected abscess formations because of 
n accidental opening made through the tegmen during mas- 
oidectomy. 

The imcovering of a small dural area over the tegmen, or over 
he sinus wall, to demonstrate the absence of a purulent collec- 
ion underneath the bone is in itself a perfectly harmless pro- 
edure, and I am sure, were the procedure advocated by Lane to 
e imiversally adopted, many a circumscribed pachymeningitis 
xtema would be evacuated long before symptoms of its presence 
ame on. When symptoms supervene, in such cases, it is gen- 
rally because the pus collection has broken the circumscribing 
carriers at some point and is tending to become a diffuse menin- 
:eal inflammation. 

The Operation : When a fistulous tract points the way to the 
[ura, a small artificial opening is made in the bone over the dura 
luring the performance of mastoidectomy. This is to deter- 
aine the presence or absence of extra dural purulency. The 
oaneuver is easily performed through the skillful use of a small 
urette, breaking through the tegmen or umer table at the sus- 
pected spot. Where no pus is uncovered, the operation on the 
nastoid is completed as if no dural exposure had been made. 

The exposed spot is covered with a small plug of iodoform 
;auze, and dressings and after-treatment carried out as usual. 

Fistulous tracts leading to the dura occasionally are appar- 
ent at changes of dressings, having been overlooked at the 
ime of operation. When thus discovered, their extent should 
ye explored, and they demand thorough eradication. If they 
ead toward the dura, a search for extradural pus is indicated. 

In cacses where the bone surgery has lefifc quite an area of dura 
mcovered, there often will be found evidences of a flow of pus 
rom between dura and the bone edge. The area exposed should 
ye enlarged immediately. A small-beaked rongeur, or the spoon 
lurette, is introduced between the dura and the bone, and the 
jone chips carefully removed, until the opening is widened. 
Wlien removing the inner table, the dura itself must not suffer 
injury by the instrument or by jagged bone splinters. Splinters, 
if left in situ, act as local irritants and add additional inflam- 
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matory factors. Where an extradural abscess of great extent 
is uncovered, whether located m the middle or the poster- 
ior cranial fossa, the bone removal, to give full exposure, must 
necessarily be extensive. I have repeatedly exposed the dura 
overlying the tegmen from the cortex externally (laterally) to 
the region over the semicircular canal, and have never observed 
an ill effect to follow, provided all the accumulated pus and all 
the necrotic bone were eviscerated. 

When the purulent collection is evacuated, and the mastoid- 
ectomy completed, the wound cavity is thoroughly washed \pth 
a solution of hydrogen peroxide, followed by one of hot bichlo- 
ride of mercury (1 .2000). There seems a hesitancy on the part 
of some to use the mercury solution in the presence of exposed 
dura. Speaking from personal experience, I never saw any ill 
effects from its employment and, on the contrary, have often 
seen questionable-looking granulations of dirty greenish color, 
clean up in a few days after evisceration of the causative fac- 
tors in the mastoid, followed by the bichloride wash. The 
cavity is wiped dry ; the exposed dura gently covered with iodo- 
form gauze and a second strip used to pack the mastoid cavity. 
The external dressings follow. 

The After-treatment : The after-treatment is along the line 
indicated in the chapter on the simple mastoid operation. De- 
pendent upon the condition of the exposed dura, subsequent 
procedures are so far modified that the frequency of dressings is 
changed. These occur much more often, as a general rule. 
When the evacuation of pus is accomplished and the dura is 
found intact, the membrane itself should not be interfered with. 
When the dura is found covered with granulations which are 
of dirty appearance, or where it looks suspiciously like breaking 
down, or sloughing, we gently wash the affected parts with a 
weak bichloride of mercury solution, and then apply the dress- 
ings. Granulations are not to be removed, nor should the dura 
be scraped. The dressings are changed frequently; often this 
occurs daily. The granulations are thus daily inspected and 
treated to an antiseptic bath, until they begin to look dean, 
after which the treatment proceeds as in uncomplicated cases. 

Even where signs of ulceration on the dural surface are evident, 
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the procedure is not varied, except perhaps to exercise a closer 
supervision over the case, and to watch the behavior of the 
exposed and diseased dura. 

If the extradural abscess was uncovered during the perform- 
ance of a radical mastoid operation, the cutting of the plastic 
skin flaps is postponed imtil late in the post-operative period. 
Flaps should never be placed upon exposed dura which is 
covered with sickly granulations, because when flaps are so 
placed they will not become adherent. They usually break 
down, and as they suppurate, may lead to an ulceration of 
the dura. 

If the pus collects over the angle of the temporal pyramid, 
and is deeply situated, some diflSculty may be encoimtered in 
evacuating it. Such cases fortunately are rare. For their 
relief, Jansen (29) advocates opening into the labyrinth in addi- 
tion to opening the abscess from its accessible portion along- 
side of the petrosal pyramid. General surgical principles should 
prevail in managing these cases. Finally, cases of extradural 
abscess, in general, demand careful supervision to recognize the 
first symptoms of a general invasion of the meninges. 

Surgery of the Intradural Abscess : Historical : The first 
recorded case of intradiwal abscess is that published by Cecci, 
and cited by Bergmann. Other cases have since been recorded 
by Macewen, Leizinskij Milburg, Lehr, and others (8). 

The Operation : The mastoid exenteration is first completed. 
Any pus found between the dura and the bone is fully evacuated. 
The dura is exposed, by the removal either of the tegmen or of 
the inner table, as the case may demand, making access to the 
seat of the intradural lesion easy. Wherever possible, the dura 
is exposed until healthy tissue is reached. Occasionally, it is 
found that the dural involvement is so extensive that this is 
impracticable. 

Often the exposed dura shows discoloration, and usually is 
blanketed by dirty granulations. Necrotic areas are sometimes 
observed, with here and there perforations of various sizes, 
through which pus oozes. 

The wound cavity is now thoroughly flushed with hot bichlo- 
ride of mercury solution, and dried with sterile gauze. 
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The dura is grasped by mouse-toothed forceps and incised to 
the desired extent, evacuating the intradural pus accumulation. 

When the gangrenous areas of the dura are not extensive, we 
do not excise the affected zone, but leave it in the hope that 
the simple incision, with resultant relief of tension, together 
with antiseptic treatment will perhaps, ultimately save the dis- 
eased area. When the gangrenous area is found to be large, we 
excise it completely, cutting it away with the curved scissors. 

The intradural cavity left after evacuation of its contents is 
carefully washed with hot bichloride of mercury solution, and 
lightly packed with gauze. 

During these procedures, the entire operative field is re- 
peatedly flushed with hot saline solution to lessen the effects of 
shock. 

In two cases under my observation, small ulcerations of the 
brain cortex were present after removal of the abscess contents. 
The surface of these ulcerations was carefully wiped with moist, 
hot sponges; some of the disintegrated cortical tissue was thus 
removed. Recovery followed light packing with diluted iodo- 
form gauze. 

In these cases, after evacuation of intradural pus, subsequent 
dressing changes should not be too frequent. The parts should 
be kept at rest. Repeated manipulation of the brain surface 
causes more or less shock, besides disturbing the process of repair. 
Unless symptoms of cerebral irritation, fever, or fetid discharge 
urgently indicate a change, dressings are not changed for from 
three to five days. 

Once firm, clean granulations become evident, subsequent 
treatment is carried on as usual for the post-operative period. 
When the radical mastoid operation preceded the evacuation of 
the intradural abscess, the plastic flaps should not be cut until 
the successful outcome of the meningeal surgery is manifest. 

Dangers : In opening intradural abscesses, the element of 
danger lies in the possibility of causing a diffusion of the circum- 
scribed abscess. This danger is usually the result of an inordi- 
nate use of the hammer and chisel during the bone surgery, or 
it may happen as the result of indiscriminate wiping the deeper 
parts with gauze, carried on applicators or long-tongued forceps. 
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The surgeon must keep this danger in mind, and limit his 
manipulations to the evacuation of the circumscribed area, and 
endeavor not to break down any protective adhesions which 
may have formed. 

If the case presents a general intradural invasion, then the 
removal of the entire tegmen and as much of the inner table of 
the mastoid as necessary is indicated, to procure free drainage. 
We have found it advantageous to remove the entire table from 
the medial side of the sigmoid sinus to the external surface of 
the bony labyrinthine channels, and then place multiple incisions 
into the exposed dura to evacuate pus, and effect intradural 
drainage. 

The curette should never be used to remove ulcerated brain 
cortex. The dry wiping with sterilized gauze usually suffices to 
cleanse the surface of the ulcerations. Experience has shown 
that the brain surface is easily broken down, and unpleasant 
sequelsB ensue if the curette is used. 

Brain Hernias : Brain hernias are often seen as an after 
result of intradural surgery. The brain substance protrudes 
through the incised dura, and sometimes bulges into the external 
woimd. While this is not always avoidable, an attempt to con- 
trol the condition should be instituted as soon as the brain sub- 
stance is seen to protrude through the lips of the incised dura. 

A suitable pad of iodoform gauze is placed over the prolapsed 
section of the brain and pressure is gradually exerted by daily 
tightening the bandage, until the protruding area of brain is 
replaced. The pads are kept in position until firm granulations 
hold the relaxed tissues in place. 

In a case reported by Held and myself, cited below, and two 
other cases, this maneuver was happily very successful. 

Surgery of Otitic Purulent Leptomeningitis : The surgical 
intervention in cases of otitic purulent leptomeningitis depends, 
to a certain extent, upon the site of the major portion of the 
purulent collection. 

The objects to be accompUshed by the operation on the men- 
inges are as follows: 

1. The removal of all diseased tissue in the middle ear and its 
adnexa. 
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2. The removal of extra and intradural pus collections. 

3. The removal of pus in the accessible ventricles. 

4. The reUef of intracranial pressure. 

The cases on record successfully treated by surgical inter- 
ference, are as yet too small in number to warrant the basis of 
a general technique. 

The first essential to recovery lies in the complete evisceration 
of all diseased bone, and all pus accumulations, whether extra 
or intradural. Following this, and incision into the dura, there 
is often seen complete cessation of all meningeal symptoms, and 
final recovery. Cases have been reported by Macewen (30), 
Gradenigo (31), Bertelsmann (32), Brieger, Wolf, Rupreddj 
Manasse (33). 

As far as I could ascertain, none of the reported cases gives 
positive evidence of a marked diffusion of the purulent menin- 
gitis, with the possible exception of Macetoen's case (30). The 
following case, observed with Dr. R. Johnson Held (19) gave evi- 
dence not only of a diffuse involvement, but the pus was demon- 
strated in the lateral ventricle and the spinal cord. I cite the 
case in full: 

R. R., female, aged three years, appeared at the Manhattan 
Eye, Ear and Throat Hospital on December 13, 1904. Her 
family history was negative. 

She never had any of the diseases of childhood and always 
enjoyed good health until December, 1903, when, following an 
attack of acute coryza, the right ear began to suppurate; six 
months later otorrhoea appeared in the left ear. Since that time, 
until her appearance at the hospital, both ears continued to dis- 
charge, and because of this, and the foul odor of the discharge, 
the patient was brought to the hospital for treatment. 

The examination of the right ear evidenced the external audi- 
tory canal to be excoriated, presenting a foul-smelling discharge. 
When this was cleaned away, a thickened, swollen drum, with a 
large perforation in its antero-inferior quadrant was apparent. 
The end of the hammer handle had disappeared through necro- 
sis. Examination of the attic gave evidence of extensive necrosis 
and the presence of granulation tissue. The left ear, upon exam- 
ination, was found to be in the same condition as the right, but 
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the involvement was apparently of a lesser degree. A large 
perforation was situated in the postero-inferior quadrant, but 
the ossicles were intact. Necrosis was demonstrable in the 
attic, and considerable inflammatory granulation tissue was in 
evidence. 

Bacteriologically , a smear made from the ear discharges showed 
a mixed infection with staphylococci and streptococci predomi- 
nating. The rhino-pharyngeal space was normal. 

The patient was put under the usual routine treatment, and 
kept under observation. No apparent improvement setting in 
after four months, operative procedures were instituted. On 
April 2d, 1905, the usual radical mastoid operation was per- 
formed upon the right side. 

Considerable necrosis of the walls of the aditus and of the 
tegmen antri, besides the usual amount of cell detritus and granu- 
lations, was found. Removing the necrotic tegmen antri, an 
area of dura, about one centimeter in diameter, was uncovered. 
The exposed dura showed healthy and was left undisturbed. 
No pus was found between the dura and the bone. 

Because of the exposure of the dura, no flap was made at this 
time. The post-auricular wound, being kept open, was lightly 
packed and external dressings appUed. 

Bacterial examination of some of the wound scrapings showed 
a mixed infection of staphylococci and streptococci. 

Excepting a reactionary temperature of 101 3-5° F. imme- 
diately after the operation, the recovery proceeded without 
noteworthy incident. On May 9th the plastic flap was cut and 
the retroauricular wound sutured. On May 19th the bandage 
was removed, and on May 25th the patient was discharged from 
the hospital. Nine weeks later the patient's right ear was pro- 
nounced cured, dermatization was completed, and the ear found 
to be absolutely dry. 

Meanwhile, both during the patient's sojourn in the hospital 
and during the post-operative period, the left ear had received 
careful attention, and had seemingly yielded to treatment, so 
that when the child left for the country only a slight discharge 
from this ear was evident. Instructions were given to continue 
treatment imtil further report. 
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No chance was afforded us to see the child agam until four 
months later, when examination revealed the right ear healed, 
but the left ear (which had probably been neglected) was sup- 
purating, and evidenced an advance in the amount of necrosis. 

Here, too, the radical operation was suggested and agreed 
upon by the parents of the patient, but unfortimately was nec- 
essarily postponed because of an attack of scarlatina, and it was 
not until March 13, 1906, that the radical operation was per- 
formed on this side. At this operation the usual findings were 
made. The antrum and the mastoid cells were filled with 
detritus and granulations, the attic wall was necrotic, and the 
tegmen over the entire antrum and aditus, extending to the 
epitympanic space, was absent, disintegrated by the necrotic 
process. 

The exposed dura, in area 1^ by 3 cm. was covered with small 
granulations, and looked darker than normal. No pus was 
found in this region, and nothing indicated interference with the 
dura. The post-auricular wound was left open, cleansed and 
lightly packed. 

An atresia of the external auditory canal was apprehended, 
and so it was split, and the edges of the canal flaps tamponed 
back. Scrapings from the mastoid gave a mixed infection, 
staphylococci predominating with some streptococci present. 

For a week following the operation nothing out of the ordinary 
was noticeable. The first dressing was undertaken on the sixth 
day; the wound was found healthy and clean. At subsequent 
changes of dressings nothing was noteworthy except that the 
healing granulations appeared rather slowly. On April 8th the 
child was sufficiently improved to leave the hospital, and for two 
weeks thereafter appeared daily for dressings. Recovery pro- 
ceeded slowly, but steadily. Occasionally some discharge from 
the middle ear spaces was evident at the change of dressings. 

On May 8th, when the child appeared at the clinic, the mother 
reported that she had passed a restless night, and that the child 
had been unaccountably restless and irritable. The dressing 
showed nothing unusual in the wound. The following night 
the child cried considerably and was very restless, and voniited. 
The mother reported that the child was feverish. For forty- 
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eight hours longer the child was left in the mother's charge, but 
as the symptoms became more marked, and as a slight retraction 
of the head became noticeable, for the better supervision of the 
case, the child was re-admitted to the hospital on May 11, 1906. 

Status on Admission: The head was markedly retracted. 
The pupils were dilated, and the right eye deviated slightly out- 
ward. The patient was restless and cried considerably. The 
temperature was 102.4° F., pulse 144, respiration 75. Imme- 
diately upon admission the dressings were removed and careful 
local examination instituted. Considerable pus was found in 
the wound cavity and dressings. The wound itself was covered 
with fairly healthy granulations. The dura was blanketed with 
thickly sprouting granulations of a dark color, which bulged into 
the wound cavity. Pulsations of the dura were absent. As 
an aid in diagnosis, lumbar puncture was made, the blood 
examined, and the condition of the eye fundus inquired into. 

The examination of the spinal fluid by the hospital pathologist 
showed it to flow with but slight increase of pressure, and to 
contain principally pus, and a large quantity of extra cellular 
diplococci which, however, decolorized by Gramas method, 
although they appeared like pneumococci (Report by Zabriskie). 

The blood examination revealed: 

Haemoglobin 56% 

Erythrocytes 5,693,963 

Leucocytes 22,648 

Differential count: 

Large mononuclear lymphocytes 4.0% 

Small " " 9.6% 

Polynuclear neutrophiles., 84.2% 

Mononuclear leucocytes 1 . 8% 

Transitional forms . 4% 

The fundus of the eye evidenced unmistakable signs of double 
choked disc, with decided swelling at the margin of the optic 
papillsB. 

The results of these examinations, taken in connection with 
the clinical picture which had meanwhile developed — the head 
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retraction more marked, the divergence of the eyes very evident, 
the stupor and the somnolence, with fever — ^led us to a diagnosis 
of purulent otitic meningitis. 

During the next twenty-four hours the clinical picture fully 
developed. The temperature remained high, ranging from 102® 
to 103° F., and after consultation it was decided to make an 
exploratory operation and drain the interior of the dura, and, 
if possible, afford an outlet for the accumulating purulent 
exudate. 

On May 12th the patient was operated upon, having been in 
a condition of stupor or unconsciousness for twenty-four hours 
prior to the operation. The old mastoid wound on the left side 
was first carefully curetted and enlarged, the mastoid cavity 
cleansed of granulations, and the surface of the darkly discolored 
and bulging dura cleared of all granulations. This accomplished, 
the lower portion of the squamosal plate of the temporal bone 
was removed, making an opening 3 by 3^ cm. Through this 
opening the dura evidenced dark and congested. Ck)nsiderable 
bulging was evident, but no pus was seen between dura and 
bone. 

The dura was then incised by a horizontal incision extending 
the entire length of its exposure, along the lower and external 
edge of the l)one wound. Immediately upon opening the dura 
purulent fluid escajK^d, c^atimattxl at from one to two drams in 
amount. Unfortunately, lx»causc of the suddenness of its ap- 
pearance, none* of this fluid was pri^^rved for subsequent exami- 
nation. The brain substance immediately protruded in the 
wound, and was found soft and friable. The wound was then 
flushed with very hot salines solution, and the brain substance, as 
far as could be reachtxl, was car(»fully wiped, the brain was lifted 
upward gently, and myHsi undemc^ath, and a strip of plain gauie 
was introduccnl lx»twcvn the base of the brain and the dura, 
downward toward the interior of the skull. The gauze was kept 
in one long strip, the (»nd of which protruded, and was finally 
taken up in the outside dressings. The mastoid cavity was also 
washed, wiix^l, and (lross(»(l, and the external dressings applied. 

The only part of th(» teohnicjuc* to which we wish to call atten- 
tion was the frecjuent flushmg of the entire operative field with 
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very hot saline solution, with the intention of keeping the 
exposed brain tissue continually warm. The next morning the 
temperatiu*e rose to 105°, pulse 170, and respiration 80. Rest- 
lessness and sleeplessness persisted, necessitating the adminis- 
tration of opiates. 

On May 14th the left ventricle was entered by means of a 
Quincke needle and canula, and about a dram and a half of 
purulent fluid removed. Lumbar puncture was now under- 
taken as a therapeutic measure, and about 40 cc. of a grayish- 
white, turbid fluid was withdrawn. Microscopically this con- 
tained, besides numerous red blood cells due to faults of tech- 
nique, polynuclear leucocytes, a few small round cells, and an 
occasional epithelial cell. The cells numbered 410,000 to the 
cubic centimeter in the following proportions: 

Polynuclears 91% 

Small mononuclears 8% 

Endothelial 1% 

The fluid contained a few diplococci intracellulares, about 
three or four in twenty microscopic fields. Cultures, however, 
gave a mixed infection, the bacteria present being diplococci 
and staphylococci, the staphylococci overgrowing the diplococci 
in the last of a set of cultures. The first of the set and the 
smear gave a Gram negative, and intracellular diplococci pres- 
ent in moderate quantity. 

Following the lumbar puncture, a distinct improvement was 
noticeable. Respiration fell to 24-30 a minute and the pulse 
to 120-140, and the tcmpcTature curve ranged from 101.6®- 
103.2® F. Sleep was quieter, but restlessness was still marked. 

On May 16th another lumbar puncture was made and 30 cc. 
of grayish fluid withdrawn. Its examination showed a pre- 
domination of polynucl(*ar Ic^ucocytes, and some endothelial cells 
present. 

The formed elements numbered 330,000 to the cubic milli- 
meter. 

Polynuclear leucocytes 73 . 0% 

Mononuclear leucocytes and lymphocytes. . . 25 . 5% 
Endothelial cells 1.5% 
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There were mostly staphylococci present but some diplococci 
which were not intracellular. A pure culture of staphylococci 
was obtained from this fluid. 

The patient's condition improved during the next two days, 
the temperature dropping to between 99.6® and 101.8°, the 
pulse ranging from 100 to 140, and the respirations from 26 to 
30. Restlessness became less marked and sleep more natural. 
Additional nourishment was now given and retained. Lumbar 
puncture was again performed on May 18th, and this time 
35 cc. of a clear, limpid fluid was withdrawn containing a very 
small amount of white sediment, some blood, but no coagula. 

Lymphocytes now predominated in the cellular content, many 
polynuclear leucocytes were present, and a few endothelial cells. 
In number, the formed elements were 295,000 to the cubic cen- 
timeter as follows: 

Polynuclear leucocytes 45% 

Polynuclear lymphocytes 52% 

Endothelial cells 3% 

A good many amylaceous bodies were found in the fluid and 
a moderate number of red cells. 

A smear made from the sediment showed a very few small 
cocci, some single and some arranged in pairs, none ivere of the 
intracellular variety. Cultures made in diflferent media gave a 
piwe growth of staphylococci. 

The fundus of the eye still evidenced choked disc, but the 
swelling of the margin of the optic papilla was less marked. 

Decided improvement of the retraction of the head becarf^^ 
evident, restlessness was still present, but less marked, anA, 
generally speaking, improvement continued. 

The first dressing was undertaken on May 23d, nine days af t^^ 
operation. The gauze drain was removed from the craoi^ 
cavity. The wound looked healthy and was covered with de^^ 
clean, healthy granulations. The dura, while thickened, W^ 
taking upon itself a lighter color and appeared only slightly c<^^ 
gested. At this period, the temperature ranged near the hvJ-^ 
dred mark, the pulse varied from 106 to 130, and the respirati^- 
between 24 and 30. 
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From this time on, improvement progressed slowly and grad- 
ually. The mind cleared, the temperatm'e gradually came to 
the normal, nourishment was increased in amount and retained; 
the rigidity of the spine and the retraction of the head disap- 
peared, the eye fundus cleared — in full, and as far as the menin- 
geal symptoms were concerned the case became entirely well. 

Locally, some trouble was experienced in the wound because 
of a protrusion of brain substance through the dura. This was 
carefully pushed back by gradually increasing pressure exerted 
by the external dressing and packing until finally the protruded 
brain substance was pushed back into the cranial cavity. The 
mastoid wound meanwhile healed, until to-day it is dry, pre- 
senting only a very small post-auricular opening, which at any 
future time can be closed by proper plastic procedure. 

The child was discharged from the hospital on July 8, 1906; 
phlyctenular keratitis, due to hospital confinement, developed. 
The child still reports at the clinic for observation. March, 
1908. 

From this case, and others in the literature (34), it would 
seem that surgical intervention is indicated in almost all cases. 
Upon the establishment of a diagnosis of otitic purulent men- 
mgitis, the steps to be taken may be enumerated as follows: 

1. A thorough exploration of the middle ear spaces to eradi- 
cate diseased cells which might have been previously overlooked. 

2. Exposure of the dura, by removal of the tegmcn or the 
inner table to locate extradural pus accumulations. The re- 
tnoval of the inner table over the cerebellar region is especially 
€tdvocated as the most probable region affected. 

3. Incision of the dura and drainage of the cerebro-cerebellar 
^xachnoid cavity. 

4. Incision of the brain substance in the suspected region to 
evacuate brain abscesses. 

5. Ventricular pimcture to evacuate pus in the accessible ven- 
tricle (usually later). 

• 6. The repeated use of lumbar puncture to lessen intracranial 
pressure, and to evacuate cerebrospinal fluid, and to aid rcgcn- 
^^ration of a new cerebrospinal fluid of heightened bactericidal 
^^roperties {Kopetzky, 35). 



260 THE SURGERY OF THE EAR 

In exposure of the dura, the aim should be to make the expo- 
sure large enough to afford workmg room. Ck)nditions present 
must, of course, govern the procedure undertaken. Suspicious- 
lookmg diwa, m the presence of menmgeal symptoms, should be 
incised. 

When the necrosis of the tegmen antri, the tegmen tympani, 
or tegmen cellulae points the way to the route of the intracranial 
invasion, the dura over these regions should first receive atten- 
tion; otherwise, in view of the many reports from autopsy 
material, the dura of the cerebellar region should first be incised. 

The incision of the diwa in the posterior cranial fossa is usually 
followed by a considerable flow of discolored, and at times pur- 
ulent, cerebrospinal fluid. 

We have found it convenient and also practical to make a 
number of parallel incisions, about 3 mm. apart. This tends to 
accomplish the desired drainage and yet prevent brain hernias. 
If the lesion in the cerebellar meninges is extensive, it may be- 
come necessary to open the skull posterior to the mastoid 
wound and approach the posterior cranial fossa from behind. 

An incision is made in the soft parts, extending backward 
from the mastoid incision, as far as necessary to uncover the 
desired area of bone. The periosteum is retracted, and the 
wound lips turned upward and downward respectively, and held 
apart by retractors. The bone is taken from the occipital bone, 
by using either a circular saw, or a small gouge or suitable for- 
ceps. The bone is first severed, then lifted, and the dura imder- 
neath exposed. Incision of the dura follows: 

In some cases a circular flap may be cut from behind the ear, 
from the skin of the back of the head. To do this the incision 
is carried down to the bone. At a distance of about a half inch 
within this incision, the bone is cut through. The entire flap, 
integument and bone is then turned forward toward the mastoid, 
hinging upon the uncut part. To facilitate this, the bone itself 
is split after having been undermined. In other words, we 
endeavor to make an osteoplastic flap. The thickness of th^ 
skull cortex determines the success of this maneuver. The cere- 
bellar dura is thus exposed. 

In cases where the tegmen is found eroded, and the principal 
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lesion is located in the middle cranial fossa, then the entire 
tegmen is removed. The exposed dura is incised and the pus 
evacuated. 

A flap may be cut from the skin and soft parts above the linea 
temporalis, as recommended by BarnhiU (36). Personally, we 
have used a somewhat similar procedure, but the BarnhiU 
method possesses advantages and we give it in full. 

A flap is cut, with the concha as its base. This flap is circular 
and is carried down to the bone, and after separation from the 
bone is turned down and forward over the pinna. BarnhiU then 
opens the skull with a trephine of f inch diameter, at a point 
located 1 J inches above Reid^s base line, and on a perpendicular 
raised from the external auditory meatus. The button of bone 
is removed and kept during the subsequent procedures in a warm 
sterile normal salt solution. The exposed dura is then examined 
and, if necessary, incised, and the brain underneath explored. 
We have found that the trephine opening was not sufficient for 
our purpose, and instead have enlarged the exposure, removing 
the squamosal plate until free exposure of the dura followed, 
leaving in sUu a ridge of bone roughly representing the con- 
tinuation backward of the zygomatic root. 

The exposed dura is incised in parallel incisions and the imder- 
lying brain explored. Usually a free purulent flow follows the 
opening of the dura, and often brain abscesses are located and 
thus evacuated. If necessary, the brain is gently lifted and a 
drain placed through to the tegmentary opening. 

If pimcture of the lateral ventricle is undertaken, or search 
for imdiscovered pus accumulations is to be tried, these pro- 
cedures may all be performed from the dural opening thus 
made. 

Gauze drains are now placed in the dural cavity (in the 
brain cavities itself, if conditions demand it) and the wound of 
the meninges dressed separately from that of the mastoid 
cavity. 

In all procedures oh the brain or the meninges, the dressing 
of the mastoid wound should be carried on separately from 
the dressing of the brain and the meningeal wounds. This is 
true for cerebellar and cerebral lesions, so as to minimize the 
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possibility of subsequent infection of these re^ons from the 
suppurating mastoid wound. 

At frequent intervals during the operation on the meninges, 
the entire operative field should be flushed with hot saUne solu- 
tion. This has been found to lessen systemic shock. The pla^ 
ing of the gauze drains in the dural space requires the exercise 
of great gentleness, so as not to injure the brain substance. 

The first dressing should be so arranged that the gauze from 
the dural drain may remain undisturbed at the dressing changes 
of the mastoid. All manipulation of the meningeal areas or of 
the dural drains adds to the possibility of future infection, to 
say nothing of systemic shock. At the changes of dressing the 
gauze in the dural space should not be disturbed. That in the 
mastoid wound is changed as necessity demands. 

As recovery progresses, as the temperature falls and the sen- 
sorium clears up, the dural drains are gradually withdrawn until 
they are entirely removed. 

Gauze is now placed over the exposed dura only, and when 
that period in the after-treatment is reached where the patient 
is on the road to full recovery, even these are necessary no 
longer. 

Occasionally where a skin flap had been cut, it may be replaced 
and sutured at once into position after the meningeal surgery is 
completed. In cases which react promptly to surgical treat- 
ment, the flap can be replaced at the end of from ten to fifteen 
days. Sometimes it can be done at a much earlier period. In 
certain selected cases, it may be sutured into place at the com- 
pletion of the exploratory operation, leaving one comer open to 
permit egress to the drain. The subsequent after-treatment 
of the mastoid wound is continued as described for the after- 
treatment of the radical mastoid operation. 

Result of Operation : Because of the small number of clin- 
ical reports as yet extant, it is almost impossible to formulate 
statistics on the result of operative interference in otitic purulent 
leptomeningitis. 

I have operated upon six cases with four deaths. Of the 
cases which died, the principal foci of the intracranial affection 
were located in the posterior cranial fossa. Furthermore, in 
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none of the fatal cases could the disease be traced to the men- 
inges by contiguity. Unfortunately autopsies were not obtain- 
able, but it appears to me that the posterior cranial fossa proba- 
bly became invaded through the labyrinthine channels. Had 
the disease been recognized and checked in the internal ear 
some of the cases might, perhaps, have been saved. 

In the cases which were cured the disease was shown to have 
spread by contiguity through the tegmen and inner table to 
the dura. The labyrinth was uninvolved. 

Macewen reports twelve cases of infective purulent lepto- 
meningitis, six of which were operated upon successfully. Of 
these, five were in the cerebral, and one in the cerebellar fossa. 

It would seem, therefore, that tentatively we might say that 
a meningitis produced by contiguity offered better prospects for 
recovery after operative interference, than one which followed 
invasion of the labyrinth, and that the middle cranial fossa when 
invaded gave a better prognosis as to eventual recovery than 
obtained from a purulent process in the posterior cranial fossa. 
In this regard, the advice of Jansen, to eradicate labyrinthine 
purulency as early as possible in order to combat fatal menin- 
gitis is called to mind. 

The symptoms from the labyrinth are only present in the 
beginning of the intracranial invasion. Later, in the course of 
the disease, they are overshadowed by the symptoms presented 
by the disease of the meninges. Often symptoms referable to 
the meninges disappear completely after opening in the laby- 
rinth {K&mer). 

At the present state of our knowledge, we hold that otitic 
leptomeningitis is curable by operative intervention, especially 
when the route of intracranial invasion is through the tegmen, 
or the inner table of the mastoid by contiguity. That where 
the invasion spreads, to the meninges through the labyrinth, it 
responds to treatment, if the labyrinth is early subjected to 
siu*gical exploration. 

Finally, even- in apparently hopeless cases, surgical interven- 
tion is justifiable on the ground that the evacuation of accumu- 
lated pus from the intradural spaces and from the ventricle, 
together with the relief of tension offered by lumbar puncture, 
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may result in the recovery of a case which otherwise would have 
died. 

Surgery of General Heningo-encephalitis : In many of the 
published cases of general meningo-encephalitiBy lumbar punc- 
ture, either alone or in connection with exploratory puncture of 
the meninges over the region which produced the most marked 
symptoms, has resulted in full recovery. In many of the cases 
reported as having been cured, Kdmer notes that no pus was 
found. A rather free flow of clear fluid was obtained from the 
meshes of the pia mater or from the lateral ventricle. In certain 
of the cases, not even cerebrospinal fluid was obtainable. Re- 
coveries occurred with all these varieties of findings. These 
cases created the impression on Kdmer , as if they were cured 
through the eradication of the primary lesion in the temporal 
bone. 

The disease is appreciated only from its clinical picture. 
Positive diagnosis is almost impossible. The disease is studied 
from its course, its operative findings and the results from 
operative exploration of the meninges. Symptoms of headache, 
vomiting, fever, opisthotonos, etc., may as often mean disease 
of the brain substance as an affection of the meninges. Heine 
believes that the findings at operation deliver the only data 
to the actual conditions present in the given case. The opera- 
tive procedures to eliminate the causative disease — the purulent 
mastoid and middle ear, including the lab3rrinth, if it is diseased — 
with free exposure of the affected brain area, often result in the 
cure of the condition. 

Spontaneous cures, in cases where severe cerebral symptoms 
followed the operation on the mastoid, are by no means uncom- 
mon, and, therefore, Heine advocates expectant treatment for 
a short time in these cases, to await the clinical developments. 
Incision of the dura — either single or multiple, to relieve pres- 
sure by evacuating the accumulating cerebrospinal fluid, to- 
gether with re|>eatixl lumbar puncture, and if indicated — 
ventricular punctuns are the measurers which eventually find 
useful employment in combating the disease. 

Tubercular meningitis of otitic origin does not seem to yield 
to surgical treatmc^nt. Th(» invasion of the meninges is usually 
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ily followed by a mixed infection which generally ends 
Uy. 
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CHAPTER XI 

SURGERY OF OTITIC CEREBRAL, AND OTITIC CEREBELLAR ABSCESS 

J^istorical — General Consideration of Otitic Brain Abscesses, 
{Ebumization, Characteristics of the Causal Lesion in the 
Temporal Bone, Surgical Trauma, Causative Factors, Site, 
The Abscess, Destiny of the Abscess, Stages of Development) 
— Diagnosis of Otitic Brain Abscess — Some Differential 
Diagnostic Points Between Cereal and Cerebellar Abscess; 
Between Oerebellar Abscess and Purulent Labyrinthitis, 
Differentiation Based on Nystagmus; Differentiation from 
Meningitis; Differentiation from Other Nervous Diseases and 
General Conditions — Indications for Operation — Operations 
for Abscess Located in the Middle Cranial Fossa — Operation 
for Cerebellar Abscess — Trealment of the Abscess Cavity — 
After-treaiment — Immediate Effects of Evacuation — Results of 
Operaiion-r' After Effects of Otitic Brain Abscess. 

Historical : Hippocrates (1) recognized the coincidental occur- 
rence of ear disease and brain abscess; at a much later period 
•Margagni apparently realized that ear disease stood in casual 
xelationship to the brain abscess. In 1856, Ld>ert (2), as the 
result of independent investigation, fully established the etio- 
logical rfile played by the ear suppuration in the production of 
1)rain abscess. 

The first recorded recovery after surgical intervention in a 
case of brain abscess was published by Morand (3), in 1768. 

The second case successfully subjected to operation is re- 
corded eighty years later by Roux (4); in 1881, Macewen (6), 
in 1886, Schede (5), and then HuUce (7), published the results 
of their operations on cases of brain abscess. The middle of 
the eighteenth century saw the introduction of the surgical 
treatment of brain abscess. 

HvUce operated upon three cases, and published a series of 
observations and criticisms of the cases, which really laid the 

267 
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foundation of otitic brain surgery. Later, there followed reports 
from Barker (8), Greenfield (9), Macerven (10), Ferrier (11), 
Horsley (12), and others. 

In Germany and on the Continent generally, an added impetus 
was given to brain surgery by the excellent work of v. Bergmam 
(13) and Kamer (14), while in America, Bacon (15), Burnett (16), 
Croly (17), Dench (18), Gruening (19), Knapp (20), MyJes (21), 
Richards (22), McKemm (23), PhiUips (24), RandaU (25), Led- 
erman (26), were among the earlier of those who reported 
cases. 

From these reports the groundwork was laid for otitic brain 
surgery, and the literature is rich* in both native and foreign 
contributions to this important branch of otological surgery. 

General Considerations of Otitic Brain Abscess : Gowers finds 
from the literature (cited by Oppenheim (34),) 186 cerebral as 
against 41 cerebellar abscesses, while Fort and Lehman find 327 
cerebral as compared to 113 cerebellar abscesses. Komer (14) 
adding the autopsy findings of Pitt (35), Treital (36), Gruber 
(37), and Poulson (38), finds there are almost twice as many 
cerebral as there are cerebellar abscesses. 

On the other hand, it seems questionable whether the cere- 
bellar abscess is really as rare as these statistics would suggest. 
Okada (39) recently raised this question, and the reports of 
Dench (40), who studied 102 cerebellar and 100 cerebral abscesses 
makes one question the correctness of Komer^s conclusions from 
findings at autopsy. 

Grunert (27) finds that 91% of brain abscesses are complica- 
tions of the chronic type of middle ear suppuration, and 9% are 
induced by an acute middle ear suppuration. More recent sta- 
tistics, although in a general way substantiating these results, 
lower these figures somewhat for the chronic middle ear disease. 
Thus Hammerschlag (28) finds that 75% of otitic brain abscesses 
are induced by chronic ear disease, while 25% are the result of 
acute middle ear suppuration. 

Regarding the relative frequency of the occurrence of otitic 
brain abscesses in middle ear suppuration, Jansen (29) finds that 

* It is impossible to cite full literature. Those interested are referred 
to K&mer*8 books, especially his latest, ** Nachtmge"; also Dench, "TVonwe' 
lions American Otological Society, 1907. 
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the abscess appears once in 2,650 cases of acute middle ear sup- 
puration, while in the chronic type of the middle ear disease he 
finds that it occurs once in 2,500 cases. It follows, therefore, 
that otitic brain abscesses are collections of pus within the 
brain substance, generally induced by a chronic suppuration 
within the temporal bone, although they are often the result of 
an acute process. 

In the vast majority of cases, the chronic middle ear suppu- 
ration is of long standing, and pathologically it is found to be a 
disease of the bone, that is — the causative lesion in the middle 
ear spaces is not a chronic suppurative process limited to the 
lining mucous membrane of these spaces, but is an actual disin- 
tegrating process due to bone necrosis, caries, or the erosive 
action of cholesteatomatous masses. 

Ebumization : Before further discussing otitic brain abscess, 
I must revert to the r61e played by bone eburnization. This 
process of ebumization is in a way a regenerative process, and 
goes on simultaneously with the destruction of bone at other 
points. Individual sections of the temporal bone become scle- 
rotic and hard, while other portions undergo destruction. Since 
the destructive necrotic process does not attack the individual 
sections of the temporal bone with equal relative frequency, 
and since the process attacks the mastoid process most fre- 
quently, and in descending percentages, involves the sigmoid 
fossa, the tegmen tympani et antri, and finally the petrosal 
P3rraniid {Neuman (30),), it follows that the individual pneu- 
matic spaces disintegrate in the lines of least resistance. The 
mastoid cortex being most frequently the seat of eburnization, 
the line of least resistance is toward the cranium; when, there- 
fore, ebumization is present as a factor of middle ear suppura- 
tion, the chances of a brain abscess forming in a chronic bone 
lesion in the temporal bone are increased appreciably. 

The view heretofore held that eburnization interposed a pro- 
tective barrier of osteosclerotic bone around the vicinity of the 
necrotic process, to afford protection against an extension of 
the infection to the brain and men ngcs, requires revision in the 
light of more recent investigation. Findings, both at autopsy 
and at operation, demonstrate that the sclerotic process is 
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generally absent in situations where its presence might best act 
as a protective barrier. 
Characteristics of the Casual Lesion in the Temporal Bone: 

Neumanns (30) statistics show that the ear suppurations asso- 
ciated with cholesteatoma furnish the largest percentage of cere- 
bellar abscesses; the cholesteatomatous masses produce erosion 
of the bone by direct pressure. Furthermore, the partial disin- 
tegration of the masses, especially at their periphery, adds 
material which furnishes ready soil for bacterial propagation. 
The enlargement of the cholesteatoma naturally leads this infec- 
tion toward the cranial cavity. Experience teaches that choles- 
teatomatous masses usually involve the antral region, and thus 
the destruction of sections of the mesial wall of the antrum 
mastoideum (labyrinthine capsule, semicircular canals or sinus) 
opens the way for bacterial invasion of the cerebellum. 

Whether the original disease in the temporal bone consisted 
of a simple caries or an active necrotic lesion, characterized by 
eburnization or not, or whether the lesion happens to be an acute 
disintegrating process; or whether it was the result of cholestea- 
tomatous growth in the middle ear spaces, the lesion in the tem- 
poral bone is usually characterized by extension of the disease to 
the bone overlying the dura. Komer (31) finds that the bone 
lesion extended to the dura 62 times in 90 cases. In a more 
recent report, he finds in 40 otitic brain abscesses that the bone 
was diseased down to the dura 37 times. The bone was diseased 
in one other case of this series, but not down to the dura. In 
only two of the 40 cases did healthy bone intervene between the 
disease in the middle ear spaces and the dura. In about half of 
the cases where the bone showed involvement down to the dura, 
this membrane was also found to be more or less diseased. 

Where the dura is simultaneously involved, it usually is found 
adherent to the surface of the brain. A greater or lesser amount 
of brain substance intervenes between the meningeal lesion and 
the brain abscess proper. Generally this intervening tissue is a 
thin layer; Karner's statement that the abscess is located in 
close relationship to the diseased bone is borne out by the find- 
ings in such cases. 

Occasionally, as is demonstrated at autopsy, the intervening 



SUROERT OF CEREBRAL AND CEREBELLAR ABSCESS 271 

brain tissue is normal in appearance and apparently covered 
with healthy dura. From this, it is argued that the pus is not 
necessarily {Propagated in one direct, broad, continuous tract, 
but it may reach the site of the abscess by way of the lymphatic 
channels, or by way of the pial vessels; the propagation of 
infectious micro-organisms finally lodging, at a greater or a 
lesser depth, beneath the brain cortex to create the abscess in 
the brain substance. 

Jansen (31) holds that lateral sinus thrombosis does not seem 
to stand in causal relation to otitic brain abscess. This obser- 
^vation seems to be substantiated by numerous necroscopic 
reports, although a small number of cases with thromboses have 
iDeen reported. A case wherein the thrombosis was evacuated, 
but the abscess overlooked, recently came under our personal 
observation (57). The coincidental existence of these lesions 
must, therefore, be kept in mind, for Koch (32) finds that sinus 
thrombosis and cerebellar abscess are coincidents in at least half 
of the cases. Dehiscences in the anatomical structure of the 
temporal bone have little bearing on the production of otitic 
brain abscesses. 

Causative Factors : The causative factors have been partly 
discussed in speaking of the characteristics of the original bone 
lesions in the temporal bone. If unrelieved, purulent laby- 
xinthitis is a causative factor of cerebellar abscess. 

Surgical Trauma : Finally, otitic brain abscesses may result 
from trauma to the head. To be more correct, we should say 
that symptoms of the abscess commence to show themselves 
after trauma. {Barr, (33).) Trauma may be either accidental 
or surgical. The non-otitic abscess, caused by trauma, belongs 
to the domain of general surgery. There is much of interest to 
otologists in the cases caused by surgical trauma. 

There are many cases of chronic middle ear suppuration which 
go on from year to year, exhibiting a purulent otorrhoea. These 
patients, although apparently healthy, if closely questioned, will 
give evidence of being indefinitely ill at times, suffering from 
rather indistinct headache and slight spells of dizziness. Because 
of the slightness of their symptoms, and the readiness with which 
other causes are assigned for the existence of their indisposition 
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— indigestion, poor eyesight, malaria, etc. — the patients fail to 
recognize these signs as evidences of a complication from their 
purulent ear disease. 

When such cases have lasted many years — one of mine had 
a purulent ear for twenty-seven years, an abscess being uncov- 
ered at operation — and when they finally submit to mastoid 
operation, in the hope of curing their ear suppuration, the jarring 
of the head — due to the chiseling which partial or complete 
eburnization necessitates — may arouse into activity an abscess 
heretofore quiescent. The mastoid operation undertaken to 
cure the middle ear suppuration thus stands in direct causal 
relation to the activity manifested by the abscess, acting in a 
maimer similar to accidental trauma. 

No one is in a position to know how soon such an abscess 
would become manifest, had no operation been undertaken, nor 
should these cases be used as arguments against the radical 
mastoid operation, to substantiate the claim — where there are 
histories as outlined above — that the mortality from the brain 
abscess is increased by the radical operation. Given a pus col- 
lection in the brain more or less continuously fed by a middle 
ear suppuration, then there will still remain the fact that under 
ordinary conditions, a sudden jar, slight fall, or a slight blow on 
the head, to say nothing of more severe injuries, will bring the 
same factors to bear on the quiescent abscess as the operation 
would, and the result might be the same, namely, the manifest 
activity of the abscess. 

I believe it to the best interest of the patient to take the 
chances of waking up a latent abscess, and evacuating it, if its 
presence is shown by symptoms, rather than to permit the pos- 
sibilities of active manifestations to deter the surgeon from 
eradicating the bone disease in the middle ear spaces. I am of 
this opinion all the more in view of the possibility that any 
slight trauma may place the patient in jeopardy of his life. 
Furthermore^ when a quiescent abscess becomes active, in the 
presence of a long standing middle ear purulency, the clinical 
picture is obscured from the start, and differential diagnosis 
most difficult. 

Site : Otitic brain abscesses are generally f oimd in the imme- 
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diate neighborhood of the diseased bone; they occur more fre- 
quently on the right than on the left side. 

When the bone lesion is found to have involved the roof of 
the external auditory canal, the tegmen antri or the tegmen 
tympani, in the majority of instances the abscess occurs in the 
cerebrum — the tempero-sphenoidal lobe. The cerebellum is the 
seat of the abscess when the original disease is found to have 
involved the labyrinthine channels, or the inner mastoid 
table. 

Among children, the cerebellum is the seat of the abscess 
more rarely than among adults. 

Otitic brain abscess may be simple or multiple. Kdmer (14) 
finds them multiple 15% of times. 

The Abscess : Brain abscesses vary greatly in size. The size 
of the abscess does not correspond to the intensity of the symp- 
toms. A large abscess may be present with no symptoms to 
speak of, or a small one may give many definite signs of its 
presence. The symptoms depend rather upon the part of the 
brain involved, than upon the amount of pus collected. The 
size of the abscess does not necessarily correspond to the amount 
of apparent intracranial pressure. 

The abscess is either encapsulated or it is without definite 
boundaries. Hessler (41) finds that in 49 abscesses induced by 
chronic otitis media purulenta, 32 were encapsulated, while 17 
were not. In 13 abscesses produced by otitis media purulenta 
acuta, 5 had capsules and 8 were not encapsulated. 

The capsule is a pyogenic membrane of varying thickness. It 
is usually smooth on its internal surface, often showing gentle 
elevations, and covered with ecchymotic spots. This membrane 
may be more or less vascular. 

According to Macewen and others, the encapsulation of an 
abscess does not prevent its increase in size. 

The contents of the abscess cavity generally consists of thick, 
cheesy, yellowish brown, or greenish pus, which is often fetid. 
Sometimes the odor is entirely absent. In addition to the pus, 
the cavity may contain detritus and blood. 

The Destiny of the Abscess,: Otitic brain abscesses terminate 
in one of the following ways: 
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1. They may be absorbed (Macewen). This is a rather rare 
termination, although it is perfectly possible. 

2. They may empty spontaneously. The abscess contents 
may drain off through a fistulous opening in its capsule, or 
through a pathological opening in the bone and capsule; such 
cases are reported by Randall (42) and Gribbon (43), and others, 
who have observed otitic brain abscesses which drained through 
such openings, the pus finally coming away through the ear. 
Macewen terms the drainage of such an abscess through the ear, a 
kind of otorrhoea cerebralis. 

3. The abscess may rupture. Rupture takes place into the 
neighboring ventricle or into the subdural space. When the rup- 
ture takes place into the subdural space, a purulent meningitis 
is started. The rupture of a cerebellar abscess into the sub- 
dural space starts a cerebrospinal meningitis into existence. The 
rupture into the lateral ventricle may result in an encephalitis, 
or if the rupture takes place into the fourth ventricle, paralysis 
of respiration and instant death may result. 

Although patients have been known to carry an abscess for a 
long period of time, eventually the presence of such a pus col- 
lection within the brain means death if unrelieved. An abscess 
may recur after a period of apparent cure. 

The Stages of Development : Otitic brain abscesses pass 
through four stages in their development. These stages are dif- 
ferentiated according to the clinical pictures presented during 
various periods of their growth. 

The first stage, designated the initial stage, is generally 
unrecognized. Clinically, it presents nothing characteristic. It 
is often obscured by the symptoms of the disease in the ear. 
In some cases, the initial stage and the manifest stage are 
merged, but in the larger number of cases the initial stage is 
followed by the second or latent stage. 

When marked, the initial stage exhibits headache and vom- 
iting. The duration of this stage may only be a few days. 

The second or latent stage presents symptoms of headache, 
psychical depresson and a slight evening temperature. This 
stage usually lasts for some time. It may extend for weeks, and 
has been known to have existed for years. It is often marked 
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by periods of remission, when all the symptoms are absent and 
the patient is apparently, for practical purposes, perfectly 
healthy. 

The third stage in the development of the abscess is the mani- 
fest stage. Dm-ing this period, the abscess makes its existence 
known by an actual clinical picture. This period varies in dura- 
tion from a few weeks to some years. It seldonx, however, 
exceeds two months in duration. {Jaccbson and Blau (44).) 

The last is the terminal stage. This period marks the growth 
^ the abscess, with the advent of symptoms referable to its pres- 
ence and with the near and distant effects of pressure which it 
exerts upon the surrounding brain tissue. The terminal stage 
includes the time up to rupture of the abscess, either externally 
on the brain cortex, or into the vcntricl(\s or into other anatomi- 
<jally neighlx)ring parts. It usually either terminates with the 
patient's life, by sudden arrest of vital function, or it starts into 
.activity a purulent meningitis, or finally the abscess is evacuated 
"before the patient succumbs. 

Trauma, or psychical irritation, a blow or a fall, tend to bring 
on the terminal stage directly after the latent period. In such 
cases the disease usually progresses without symptoms ahnost 
to the end. 

Diagnosis of Otitic Brain Abscess : The symptoms of brain 
abscess may be divided into the following: 

1. Symptoms due to pus retention (general symptoms). 

2. Symptoms due to pressure on the brain (brain symptoms). 

3. Sjrmptoms due to the site of the abscess (local symptoms). 
The most important of the general symptoms Is the tempera- 
ture curve. Occasionally, the disease starts with a chill, or it 
begins like a meningitis. Repeated chills have been observed, 
although these, as well as high fever, are to be considered as an 
exception. It is difficult to determine whether or not in a given 
Case the fever is from the original bone lesion, or from the com- 
plicating abscess. As a general rule, uncomplicated abscesses 
give subnormal temperatures. {Heine, (45).) 

In the early stage, the patient exhibits malaise, lack of appe- 
tite, and if the initial stage continues long, progressive emacia- 
tion supervenes. Constipation is the rule and there is generally 
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a foul odor to the breath. The tongue is markedly coated. 
Often there is some nausea and vomiting. 

These symptoms are so indefinite that they might indicate any 
complication of the original disease. They possess value only 
when all other possible sources of pus retention have been 
eliminated. 

The symptoms from the brain are more marked in the cere- 
bellar than in the cerebral cases. The most significant symptom 
presented is the headache. This is found in varjring degrees of 
intensity. It is present in almost all cases, although occasion- 
ally, as shown by Heiman (46), it is absent. 

At times the headache is characterized as a feeling of heaviness 
in the head ; it may become so intense that it is hardly bearable. 
The headache is usually more severe during rises of temperature. 
It is intensified by anything which congests the head, e.g., 
pressure exerted during stool, bending forward, or lifting heavy 
weights. Any act or condition of the patient which produces 
increased blood pressure will increase the intensity of the head- 
ache. The headache is sometimes characterized by periods of 
remission, Schwartze (47) ; it may be localized or diffuse. When 
locaUzed, it generally points to the site of the abscess. Okada 
found it localized in one-third of the cases he studied, while Dmh 
(I.e.), reporting on 102 cerebellar abscesses and 100 cerebral 
abscesses from recent literature, finds it localized in 71 cases. 
Too much importance, however, must not be attached to the 
localization of the headache as marking the site of the abscess. 

Pain elicited by percussion of the head is considered as char- 
acteristic of brain abscess by Heine, Bergman and Macewen, On 
the other hand, this sign is often obtained in cases of extra-dural 
pus collections. 

Stiffness at the nape of the neck and pain when bending the 
head toward the front are somewhat characteristic signs of cere- 
bellar abscess. This symptom is, however often observed in 
cases of neurasthenia. 

Dizziness is observed in both cerebral and cerebellar abscesses. 
It is especially a sign of the latter. The dizziness is intensified 
during the exacerbation of the headache, or during the rise of 
temperature. It may be so marked that the patient will stagger. 
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This staggering gait is designated cerebellar ataxia. Jansen (48) 
has observed cases of cerebellar abscess where this symptom was 
entirely absent. The dizziness is often associated with nys- 
tagmus. 

The sensorium is always affected by the abscess, except pos- 
sibly dming the initial and the latent stages. This clouding of 
the intellect begins with hardly noticeable deviations from the 
normal, and becomes toward the end of the disease a profoundly 
significant symptom. Remissions are common, but the symp- 
tom complex from the sensorium reappears with the exacerbation 
of the fever and the headache. Drowsiness, slow cerebration, 
retarded speech, inability to work, a disinclination to exertion, 
loss of memory, restlessness, and finally, during the terminal 
stage, coma, appears. In some cases, an absolute change in the 
character of the individual is noted. The patient becomes de- 
pressed, melancholic, irritable and sometimes hypochondriacal. 
In some patients, suicidal tendencies appear, while others 
become delirious or maniacal ; finally they all become comatose 
and, unless the condition is reUeved, they die. 

The pulse rate is generally retarded. Schwartze (49) speaks of 
cases wherein it dropped to 44 and 10 to 15 beats to the minute. 
In some cases, a retarded pulse is observed for but a few days of 
the illness. In such cases, the pulse rate changes rapidly to the 
normal, and it may even become accelerated. (Reported by West, 
(51).) A retarded pulse rate is often absent when the abscess is 
situated in the cerebrum. According to Koch, the pulse rate is 
not dependent on the size of the abscess, and sometimes it remains 
retarded even after the abscess has been evacuated. According to 
Macewen, there can be no doubt but that the retardation of the 
pulse rate is due to pressure exerted by the abscess. In support 
of this contention, he states that after the abscess reaches a 
certain size, the pulse rate decreases as the size of the abscess 
increases, and the evacuation, relieving the pressure, brings in 
its train a sudden increase in the pulse rate. It is to be noted, 
however, that other intracranial lesions — serious effusions in the 
meninges and in the ventricles in tuberculous meningitis — pro- 
duce a similar retarded pulse rate. 

Locally, the symptoms from the abscess pex se are divisible 
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into two general groups. Those arising directly from the pres- 
ence of the pus collection in the brain and those which are the 
distant effects produced by the local brain lesion. In the 
latter group we classify the symptoms which result from injury 
to the cranial nerves. 

Disturbances of hearing are rare. Interference with speech is 
found when the abscess involves the speech centers. Tlien 
amnesia or optic aphasia, paraphasia, paragraphia, may be 
noted either individually or in combinations.* 

The distant effects of the abscess arise from the increase of 
intracranial pressure and tension. Spasms, convulsions, tonic 
cramps of muscle groups, paralyses, hemianaesthesias and henii- 
opia are uncommon, but are not rare findings. 

Among children, the diagnosis becomes extremely difficult, 
since positive recognition of the various symptoms in the clinical 
picture is difficult, and other complications of middle ear suppu- 
ration, whose symptom complex is similar, are more often 
present, viz., extradiu-al abscesses, serous meningitis, or brain 
tuberculosis. 

The eye background often shows changes in brain abscess, 
and although these changes are not absolutely constant, they are 
present sufficiently often to constitute a significant symptom. 
The most common sign is a change in the blood vessels of the 
retina and the disc, usually involving the disc margins; in some 
cases, marked choked disc is noted. This is generally found in 
the last stages of the abscess. Following the evacuation of the 
abscess, the eye symptoms do not at once disappear; they sub- 
side gradually; optic nerve atrophy is rare. The only absolute 
significance to be attached to the retinae findings are that changes 
in the background of the eye denotes the presence of some intra- 
cranial complication of the otitis. The nature of this complica- 

* Definition of Terms: In paragraphia and paraphasia, the patient is 
found to employ the wrong word to describe a given object. He under- 
stands the words correctly, however, when they are written. In amnesic 
aphasia, the patient fully understands the use to which objects are put, but 
he cannot properly name them. Parrot-like, the patient is able to repeat 
the correct name when it is said for him. In optic aphasia, the patient can- 
not correctly name objects which he sees. Word-deafness is often observed. 
The patient hears but cannot understand speech. Loss of abflity to write is 
occasionally noted, although the full power of using the hand for other pur- 
poses is retained. Sometimes the patients are unable to count. 
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tion cannot be determined with any degree of accuracy by the 
examination of the background of the eye. 

Among injuries to the cranial nerves, ocu'omotor paralysis is 
the most common type of cranial nei:ve involvement. Accord- 
ing to Kamer, this is almost constantly present in tempero- 
sphenoidal abscess. In these cases, however, it is not complete. 
It involves the sphincter pupillae, or the levator palpebr®, or 
both, producing mydriasis or ptosis. The remaining oculo- 
motor nerves are not necessarily involved. Double equal 
mydriasis has been observed also in cases of rupture of a cerebral 
abscess into the lateral ventricle. 

Paralysis of the hypoglossal and of the facial nerves has been 
observed, and trigeminal neuralgia has been recorded as due to 
pressure of the abscess on the intracranial portion of the nerves 
involved. 

In conclusion, it is to be noted that the diagnosis of otitic 
brain abscess is exceedingly difficult, because its symptoms 
complex points to practically nothing characteristic, and in 
addition, is often punctuated by long intervals of remission. 
Fever, headache, dizziness, vomiting, nystagmus, even differ- 
ences in the size of the pupils, are often found in the very young 
in cases of imcomplicated otitis media. Such symptoms are 
especially observed in such patients when an acute exacerbation 
is superimposed upon a chronic middle ear suppuration and 
when in such cases pus retention takes place. Even optic 
neuritis has been reported. In these young patients all these 
severe symptoms have been found to subside after pus evacua- 
tion has been effected. 

Furthermore, fever, headache, dizziness, and nystagmus are 
likewise the clinical findings of purulent labyrinthitis. A similar 
clinical picture is seen when intracranial lesions complicate brain 
abscess, e.g., extradural abscess, meningitis, or sinus throm- 
bosis. 

The complete examination of the cerebrospinal fluid obtained 
from lumbar pimcture, and the examination of the blood includ- 
ing an examination for bacteria in the blood may aid in clearing 
up doubtful cases. 

Some Differential Diagnostic Points : When symptoms of an 
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intracranial lesion become evident, it remains to detennine the 
location and the character of the intracranial process. 

Differential Diagnosis Between Cerebellar and Cerebral Abscess : 
Hemiansesthesia and hemiparesis of the opposite side of the body 
and sensory and optic aphasia, are suggestive of an abscess in 
the temporal lobe. It is true that disturbances on the part of 
the optic nerve are seen in cases of cerebellar abscess, but then 
the findings present different characteristics. Speech disturb- 
ances m cerebellar abscess usually present bulbar characteristics. 
This is in contradistinction to the findings of sensory and motor 
aphasias noted in the temporal lobe cases. 

On the other hand, when the hemiparesis affects the same side 
of the body as that upon which the ear disease is located, then it 
suggests a cerebellar abscess. 

Both cerebral and cerebellar abscess present oculomotor dis- 
turbances. Ptosis, abducens paralysis, and even oculomotor 
paralysis are frequently noted in cases of abscess of the temporal 
Ipbe. In the cerebellar cases, however, the paralysis more often 
affects the eye muscles individually. 

In cerebellar abscess, conjugate deviation has sometimes been 
observed. It is of diagnostic significance when combined with 
nystagmus toward the healthy side. 

Neumann (30) saw the eye rotation take place toward the 
healthy side in four of his cases. 

Nystagmus, in cases involving the temporal lobe, although 
rare, is occasionally observed when the abscess is located far 
back in the temporal lobe and in close juxtaposition to the occipi- 
tal lobe. 

Headache when localized at the occiput, or at the forehead, 
suggests a cerebral abscess, when the temporal lobe is the seat of 
the lesion this symptom is often centralized at the vertex. 

Rigidity of the nape of the neck, or tenderness to pressure in 
this region, suggest the cerebellum as the seat of the abscess. 
This sign has, however been observed in some abscesses of the 
temporal lobe, especially when the abscess is very large {Neu- 
mann) . 

Differential Diagnosis Between Cerebellar Abscess and Purulent 
Labyrinthitis : The differential diagnosis between labyrinthine 
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suppuration and cerebellar abscess complicating a labyrinthine 
purulency, is of importance mostly as concerns the recognition 
of the brain lesion. The significant factor in this recognition is 
played by the determination of the labyrinthine irritability. 
For this, accurate observation of the direction of the nystagmus, 
and its increasing or decreasing degree, becomes a necessary factor. 

Cerebellar nystagmus may occur toward the diseased side as 
well as toward the healthy side of the head. It is most com- 
monly observed directed toward the diseased side. 

Neumann differentiates the cerebellar from the labyrinthine 
nystagmus as follows: 

1. Assmning that the case presents a nystagmus directed 
toward the diseased side. This may suggest either a circum- 
scribed labyrinthitis or a cerebellar abscess. If the former 
labyrinthine irritability, when tested by syringing the wound with 
cold water, may still be found normal. Examination of the cap- 
sule may demonstrate a labyrinthine fistula. Condensation and 
rarefaction tests call nystagmoid movements into existence. In 
another group of labyrinthine cases, the irritability of the laby- 
rinth is not demonstrable when the syringe test is made. Nystag- 
mus is, however, still producible by direct pressure combmed with 
galvanism applied to the labyrinth. Under such conditions, the 
presence of nystagmus gives no diagnostic data of value in differ- 
entiating cerebellar abscess from labyrinthine involvement before 
the surgical examination of the labyrinth. In Neumnnn's 
clinic, the radical mastoid operation in such cases is followed 
by the operation on the lab)rrinth. After the second operation, 
if the nystagmus now turns toward the healthy side, then it was 
produced at first by the lab)rrinthine lesion. In connection with 
these remarks, it is to be noted that fortunately circumscribed 
labyrinthitis combined with a cerebellar abscess is a rare lesion. 
Where nystagmus continues toward the diseased side after the 
labyrinthine operation, then the probabilities of cerebellar 
abscess, or at least, disease in the posterior cranial fossa on the 
same side, are increased. For the destroyed labyrinth is inca- 
pable of inducing nystagmus toward its own side of the head. 
Nystagmus toward the healthy side is induced by the intact 
labyrinth of the opposite ear. 
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2. Assuming the presence of nystagmus toward the ctiiniiiprf 
side, and impossibility to demonstrate labyrinthine irritability. 
Here, in the face of the behavior of pulse and temperature, the 
immediate diagnosis of cerebellar abscess is possible, since the 
nystagmus must be caused by disease in the posterior cranial 
fossa. 

3. Assuming that the nystagmus is toward the healthy side, 
and the labyrinth is not irritable. This nystagmus may be due 
to disease in either the labyrinth or in the cerebellum. Differ- 
ential diagnosis is a most impossible from the nystagmus before 
the surgical exploration of the labyrinth. After the labyrinthine 
surgery, the nystagmus will be found to subside withm two or 
three days, if due to abyrinthine causes. When it is the sign 
of an intracranial lesion, however, it does not subside after the 
labyrinthine operation, but increases in intensity and degree, 
and not infrequently it changes its direction and runs toward 
the diseased side. It is in cases with such findings that the 
presence of the intracranial lesion becomes positively clear. 

Gradenigo^s (50) observations substantiate the observations 
of Neumann. He distinguishes between a nystagmus prsDcox — 
usually referable to a labyrinthine lesion, and a nystagmus 
tardres which appears in the symptom complex of intracranial 
lesions, most often during their terminal stage. 

In labyrinthine suppuration, the nystagmus appears early, in 
the brain lesion its advent is late in the course of the disease. 

Differential Diagnosis of Brain Abscess from Meningitis : In 
the differentiation of cerebellar abscess from meningitis, the be- 
havior of the temperature curve is significant. As a rule, the 
temperature is high n cases of meningitis. High temperature is 
occasionally present in the absQess cases, however. Symptoms 
referable to intracranial pressure may be called forth by a cir- 
cumscribed meningitis in the posterior cranial fossa as well as by 
the presence of a cerebellar abscess. Nystagmus, likewise, may 
be produced by a meningitis involving the internal auditory 
meatus, the lesion mvolving the vestibular nerve. Sudden dis- 
turbances in the hearing faculty on the healthy side are more 
likely to indicate a meningitis than a brain abscess. This symp- 
tom has however, been observed as a rare finding in casea of 
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brain abscess. Rigidity of the nape of the neck belongs to the 
signs of meningitis. 

After the meningitis has extended to the convexity, the differ- 
entiation is, as a rule, easier. General convulsions, retracted 
abdomen, the small accelerated pulse, Cheyne-Stokes respiration, 
and total loss of consciousness, clear the diagnosis. 

In serous meningitis, the predominating symptom is due to 
intracranial pressure. Temperature elevations are, however, 
considerable. Such findings are not uncommon in tubercular 
meningitis, or thrombosis of the transverse or of the cavernous 
sinuses. 

Severe cerebral symptoms are occasionally observed in simple 
acute otitis media, accompanied or not by mastoiditis. When 
these lesions are accompanied by a facial paralysis, by vertigo, 
nystagmus, vomiting, headache, choked discs, optic neuritis and 
somnolence, then the differential diagnosis of this lesion from 
brain abscess is almost impossible before operation. As a rule, 
such symptoms in cases of uncomphcated otitis media are found 
only in early childhood. 

Differential Diagnosis From Other Diseases : In hysteria, the 
coincidental presence of otitis media, associated with hemi- 
ansesthesia, hemiparesis, vertigo, vomiting and optic nerve dis- 
turbances are observed. But the paralysis and the ansesthetic 
areas in the hysterical cases are present on the same side 
as the local ear disease, instead of on the opposite side of the 
body. 

The latent period of cerebellar abscess has been confused, with 
melancholia, with the depression stage of paresis, and also with 
the depression and vomiting due to the coincidental existence 
of a suppuration of the middle ear and a pregnancy. 

Ursemic states, because of the headache, optic neuritis, vom- 
iting and convulsions, as well as severe infectious diseases, may 
simulate and be mistaken for the clinical picture of otitic brain 
abscess when these sjrmptoms occur coincidental to an otitis 
media' purulenta acuta. The findings from lumbar puncture aid 
in the diagnosis of jbhei^ doubtful cases. 

Indicatioiis for Operation : Bergmann holds that the otitic 
brain abscess shall only be operated upon when there are chances 
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of obtaining good results from operation. That is, when both 
the locality of the pus accumulation and the certainty of its 
presence are clearly established. 

On the other hand, the discussion of the symptomatology of 
otitic brain abscess clearly shows the difficulties in many cases 
of establishing positively the existence of a brain abscess, as well 
as locating its site. 

It becomes, therefore, necessary, in cases giving a suspicious 
history and an uncertain clinical picture, to await developments 
for a time. This must not be construed as a recommendation 
for an extensive period of waiting. In suspected cases, it is 
always in the interest of the patient to make a systemic search 
for the pus foci. 

Kamer (52), Kretschmann (53), Vohsen (54), Rose (55), 
Schwartze (56), and others, have shown the close relationship of 
purulent foci in the brain and the purulent disease in the tem- 
poral bone. The findings at the mastoid operation, when closely 
studied in connection with the subsequent course of the clinical 
picture, add additional data and give the surgeon a fairly defi- 
nite idea regarding the route traveled by the infection toward 
the cranium. 

Furthermore, when the operative findings show the purulent 
process to have reached the tegmen, perhaps to have become 
somewhat locaUzed at this point in the form of an extradural 
abscess, then it is reasonable, in the light of a continued symp- 
tom complex, to suspect that the bram abscess is in the temporal 
lobe. On the other hand, if the operative findings lead the way 
toward the lab)rrinth, then a persistence of the symptoms mdi- 
cate first the eradication of the disease in this structure. When 
the clinical picture shows no improvement after operation on 
the labyrinth, then the probabilities of an invasion of the pos- 
terior cranial fossa are before us. 

In a general way, the direction which the systemic search for 
purulent foci takes depends to a great extent upon the findings 
at the first operation of the mastoid and middle ear spaces taken 
together with the signs of involvement shown by the clinical 
picture. The probabilities of an abscess or other pus accumu- 
lation locating in the posterior cranial fopsa, after labyrinthine 
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involvement, is great, and search must be prosecuted toward 
this direction for its evacuation (57). 

Finally, we hold that no case is too desperate to submit to 
operation in an attempt to locate and evacuate the pus, as 
when this is done, even in apparently desperate cases, surprising 
results are obtained, if the systematic search is successful. 

Operation for Abscess Located in the Middle Cranial Fossa : 
The operat on, to be successful, must not only empty the abscess, 
but it must also remove the primary disease in the temporal 
bone. Occasionally, because of the imminence of rupture, the 
local conditions may necessitate the evacuation of the abscess 
before the eradication of the disease in the temporal bone. 
Generally, however, the middle ear space should first receive 
attention. 

There are two methods for approaching and evacuating the 
abscess: 

1. From the skull surface. 

2. Through the mastoid wound cavity. 

In otological surgery, the second method has been found to be 
the best, as it permits the evisceration of the disease in the mas- 
toid and in the internal ear at the same time, and permits the 
surgeon to follow and trace the purulency to the brain, finally, 
affording a way to remove the intracranial lesion. 

From the Skull : 1. After the usual preparation, the skin 
incision is placed as follows: It commences at the root of the 
tragus and is carried from that point perpendicularly upward, 
until the incision reaches the level of the upper edge of the 
concha. The concha is now turned out of the way, and the 
incision is carried in a curved line backwards toward the rear 
of the head, until the posterior boundary of the mastoid process 
is reached. The dkection of the incision now changes, being 
carried downward for the necessary distance to expose the upper 
fairly large area. (See Fig. 59. Incision G F E.) 

Branches of the temporal artery are necessarily severed and 
require ligation. The incision often strikes the posterior auricu- 
lar artery, which must also be ligated. 

Retraction of the soft parts follows. This exposes the upper 
wall of the bony auditory canal and the neighboring landmarks. 
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The linca temporalis is traced backward from the anterior side 
of the external auditory canal roof — that is, from the root of 
the zygomatic process. This line roughly locates the floor d 
the middle cranial fossa. 

The skull is then opened, either by a trephine or a chLsel, as 
near as possible to the designated seat of the abscess. Tie 
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Fig. 59. — Outline Showing Various Incisions. 

A-B, Usual Mastoid Incision. C-D, Additional Horizontal Incision, Garrte^ 
Backward, so as to Expose Mastoid Process More Fully or to Penrm ^ 
Tracing the Sinus Back Toward Torcular. G-F-E, Incision to Pem^-^^ 
Access to Brain Abscess from the Outside of Skull. 

small initial opening is enlarged to expose the underlying dur^^* 
Fig. 60 shows the position of the middle meningeal artery aa-^^ 
various landmarks which must be kept in mind. 

The dura is subjected to minute examination. By enlargii^'^ 
the opening in various directions, exposure for examination c:^* 
the roof of the middle ear and mastoid spaces is possible. 

The opening is freely made, and the brain with intact dura ^^ 
gently lifted so as to expose the tegmen antri and the roof c:^^ 
the external auditory canal and the tegmen cellulse maUM^^- 
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It IS often possible to see and examine the sinus petrosi superior, 
and occasionally to see the knee of the sigmoid sinus. 

Raising the brain and the diu^ from the bone upon which 
these structures rest may, however, injure the sinuses. Further- 
more, as Preysing (58) has indicated, this maneuver may break 
down the very adhesions which had kept the pus encapsulated. 

The exposed dura over the abscess seat, may appear normal, 
or the membrane may appear injected, discolored, or covered 
with granulations. Usually when the opening is made from 
the exterior of the skull, we find the dura healthy in appear- 
ance, because the surgeon is not then working along the route 
traversed by the disease. 

If the abscess is located directly underneath the exposed sec- 
tion of the dura, the absence of pulsations may be noted. 
Fluctuation can seldom be demonstrated. 

The dura which has been exposed, is now incised, following 
which, the brain substance is entered with a knife. The entrance 
of the knife should be cautiously conducted. After a penetra- 
tion has been obtained to 3-4 cm., it is wiser to withdraw the 
knife, provided no abscess is uncovered. Further search is 
carried on with a cannula, which should have a rather wide 
lumen; by pushing it into the temporal lobe in various directions. 
It must be remembered that the descending horn of the lateral 
ventricle is sometimes encountered at a distance of from 2^ to 
3 cm. from the surface. (See Fig. 61.) 

Profuse hemorrhage is controlled by the use of the Pacquelin 
cautery. Otherwise, general surgical principles are applicable. 

2. From the Mastoid Wound Cavity : When exploration is 
undertaken after surgery on the mastoid, that is, after the com- 
pletion of the simple or the radical mastoid operation, then the 
whole procedure is simplified. 

The tegmen which, during the mastoid operation had been 
exposed, is now widely opened to bring into view the overlying 
dura. The dura is found discolored, often covered with granu- 
lations, or it is adherent to the brain surface. It may evidence 
distinct areas of gangrene, which are more or less sharply 
marked. In rare cases, it is apparently healthy. Usually pulsa- 
tions are absent. 
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The absence of pulsations must not be held as affording poei- 
tive indications for the presence of an abscess for, as Heine has 
pointed out, a deep-seated abscess does not influence the pulsa- 
tions. Where granulations are present, they are cleaned off. 
Gangrenous areas are removed or incised. 

Where the dura looks healthy, or only discolored, or only 
sparsely covered with granulations, before incising the dura, 
test-puncture to locate the abscess, as advocated by Heine, may 
be tried. A thick cannula with a large lumen answers for this 
purpose. 

We prefer to remove the granulations and clean up the entire 
wound before testing, and usually open the dura by incision 
first, especially when the symptomatology of the case has fairly 
well established the existence of the abscess. The dura is split 
by an incision running from before backward, that is, paralleling 
the general direction of the temporal lobe. Through the incision 
thus made, the puncture-test may be performed. 

When the exposure of the dura reveals a fistulous opening, 
puncture test becomes unnecessary. 

The abscess located by the needle (see above), the brain is 
incised with a knife, which is gradually and slowly pm^cd 
toward the accumulation of pus. Often as the knife is intro- 
duced, the pus comes away along the sides of the blade. It is 
deemed inadvisable to place the fingers into the wound in the 
brain. With a little practice, all manipulations are possible by 
means of instruments. 

When the pus has b(»en evacuated, a drain is placed in posi- 
tion, with a slight gauze packing placed around it. 

Macewen, Bergmann, Kamer, and others, make a count<T 
oiK^ning into the abscess through the s(iuamo8al plate. Better 
drainage and a surer evacuation Ls thus obtained. This metluxi 
is especially advocated where the abscess is large and lies some 
dLstanc(» from the tegmen or floor of the cranial fossa. 

Wh(»n th(» counter o|x*ning is desired, the second part of the 
procedure Ls somewhat similar to that described above for 
reaching the abscess through the skull, except that the abeceas 
is alrejidy located and emptied throu^jjli the t(»gnien. 

The mastoid uui.sion is extended upward and often somewhat 
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backward to gain a necessary exposure of the squamosal plate. 
This plate is then penetrated and the opening thus made is en- 
larged. The dura underlying this plate is thus exposed and is 
incised, after which the adjacent brain substance is opened down 
to the abscess. This provides the coimter opening of the abscess 
to the entrance already obtained through the tegmen. 

When this method is employed, drains are also introduced 
through this second opening. 

The advantage of opening the abscess from the tegmen lies 
in the fact that we open the abscess at a point where gravity 
favors drainage, and we surgically follow to its seat the patho- 
logical process from the middle ear spaces, eviscerating all 
evident disease as we advance. Furthermore, in this way, we 
are less likely to break down protecting barriers, and hence we 
lessen the danger of a subsequent general meningeal infection. 

Operation for Evacuation of Cerebellar Abscess : There are 
two ways of approaching a cerebellar abscess. The uncertainty 
of diagnosis, and the knowledge we possess of the routes of cere- 
bellar invasion, makes the exploration of the posterior cranial 
fossa easier when undertaken from the interior of the mastoid 
wound than when we attempt to approach the lesion from the 
skull surface. 

The exposure of the cerebellar dura begins by laying the 
sigmoid sinus free, at a point somewhat near the sinus knee, 
and working downward on the descending portion of the sinus. 
Internal to the descending dural sinus wall, we remove the 
inner mastoid table. If a necrotic area, or opening on the inner 
ta^ble is evident, then this points the way toward the cerebellar 
dura which is involved. 

When removing the inner mastoid table, we limit our pro- 
cedure at the level of the inner antral wall. When the anterior 
cerebellar surface is to be uncovered, then the inner antral wall 
offers the best route to its exploration. When the cerebellar dm-a 
has been uncovered, subsequent procedures — its examination; its 
incision; pimcture of the cerebellum, location of the abscess; 
and finally, the evacuation and the drainage of the abscess 
cavity, proceed along lines indicated for the surgical treatment 
of the temporal lobe abscess. 
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of obtaining good results from operation. That is, when both 
the locality of the pus accumulation and the certainty of its 
presence are clearly established. 

On the other hand, the discussion of the symptomatology of 
otitic brain abscess clearly shows the difficulties in many cases 
of establishing positively the existence of a brain abscess, as well 
as locating its site. 

It becomes, therefore, necessary, in cases giving a suspicious 
history and an uncertain clinical picture, to await developments 
for a time. This must not be construed as a recommendation 
for an extensive period of waiting. In suspected cases, it is 
always in the interest of the patient to make a systemic search 
for the pus foci. 

Kamer (52). Kretschmann (53), Vohsen (54), Rase (65), 
Schwartze (56), and others, have shown the close relationship of 
purulent foci in the brain and the purulent disease in the tem- 
poral bone*. The findings at the mastoid operation, when closely 
studied in connection with the subsequent course of the clinical 
picture, add additional data and give the surgeon a fairly defi- 
nite idea regarding the route traveled by the infection toward 
the cranium. 

Furthermore, when the operative findings show the purulent 
process to have reached the tegmen, perhaps to have become 
somewhat localized at this point in the form of an extradural 
abscess, then it is reasonable, in the light of a continued symp- 
tom complex, to suspect that the brain abscess is in the temporal 
lobe. On the other hand, if the operative findings lead the way 
toward the labyrinth, then a persistence of the symptoms indi- 
cate first the eradication of the disease in this structure. When 
the clinical picture shows no improvement after operation on 
the labyrinth, then the probabilities of an invasion of the pos- 
terior cranial fossa are before us. 

In a general way, the direction which the systemic search for 
purulent foci takes depends to a great extent upon the finHing ja 
at the first operation of the mastoid and middle ear spaces taken 
together with the signs of involvement shown by the clinical 
picture. Th(» probal)iliti('s of an al)scess or other pus accumu- 
lation locating in the posterior cranial fossa, after labyrinthine 
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almost immediately. Packing the cavity firmly with gauze is, 
therefore, not recommended. A few strips of plain gauze placed 
about the drain are usually all that is required. 

When the cavity is of large size, and has well-developed walls 
a very light packing with iodoform gauze may be used. 

A strip of gauze is then introduced into the counter opening, 
around a Bott rubber drain. In selected cases we may dispense 
with this; when employed the gauze is pushed through the 
counter opening to the upper end of the first opening which leads 
to the mastoid wound. 

The mastoid woimd is dressed separately. The skin may be 
drawn over the counter opening by purse-string sutures which 
subsequently are drawn tight as the necessity for counter drain- 
age disappears. Or the method advocated by BamhiU (69) 
may be employed. This is applicable when the parts are not too 
mutilated or diseased. He advises that the fiap of dura and the 
skin be stitched into proper place, using interrupted catgut 
sutures. He arranges his packings so that none of the gauze 
drain extends beyond the dura at the counter opening. Sub- 
sequent dressings are made only through the opening in the teg- 
men. The suture lines are covered with boracic acid powder. 
The mastoid wound is dressed, and a large quantity of loose 
£auze placed over the wounds, taking up the drainage tubes from 
the abscess cavity. A retention bandage holds the whole 
dressing in ^lace. 

After-treatment: The opening and the evacuation of the 
abscess does not necessarily guarantee a recovery. The after- 
treatment is as important a factor in the recovery as the suc- 
cessful evacuation of the pus. The possibilities of the subse- 
quent development of purulent meningitis must be borne in 
mind. This usually results because sufficient drainage from the 
woimd has not been provided The formation of adhesions 
about the brain wound often tends to cause too early healing, 
and after pus retention of some degree again becomes estab- 
lished, the symptoms reappear, necessitatmg reopening the cavity. 
This is avoided by using a thick, soft rubber drain with a wide 
- lumen, around whose edges gauze is placed to prevent irritation 
of the cavity's walls. 
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of obtaining good results from operation. That is, when both 
the locality of the pus accumulation and the certainty of its 
presence are clearly established. 

On the other hand, the discussion of the s3rmptomatology of 
otitic brain abscess clearly shows the difficulties in many cases 
of establishing positively the existence of a brain abscess, as well 
as locating its site. 

It becomes, therefore, necessary, in cases giving a suspicious 
history and an uncertain clinical picture, to await developments 
for a time. This must not be construed as a recommendation 
for an extensive period of waiting. In suspected cases, it is 
always in the interest of the patient to make a systemic search 
for the pus foci. 

Kamer (52), Kretschmann (53), Vohsen (54), Rose (65), 
Schwartze (56), and others, have shown the close relationship of 
purulent foci in the brain and the purulent disease in the tem- 
poral bon(». The findings at the mastoid operation, when closely 
studied in connection with the subsequent course of the clinical 
picture, add additional data and give the surgeon a fairly defi- 
nite idea regarding the route traveled by the infection toward 
the cranium. 

Furthermore, when the operative findings show the purulent 
process to have reached the tegmen, perhaps to have become 
somewhat localized at this point in the form of an extradural 
abscess, then it is reasonable, in the light of a continued symp- 
tom complex, to suspect that the brain abscess is in the temporal 
lobe. On the other hand, if the operative findings lead the way 
toward the labyrinth, then a persistence of the symptoms indi- 
cate first the eradication of the disease in this structure. When 
the clinical picture shows no improvement after operation on 
the labyrinth, then the probabilities of an invasion of the pos- 
terior cranial fossa are before us. 

In a general way, the direction which the systemic search for 
purulent foci takes depends to a great extent upon the fimling R 
at the first operation of the mastoid and middle ear spaces taken 
together with the signs of involvement shown by the clinical 
picture. The probabiliti(»s of an abscess or other pus accumu- 
lation locating in the posterior cranial fossa, after labyrinthine 
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short duration, their disappearance may be prompt or gradual. 
Improvement is, however generaUy noticed at once. 

Pain will be absent, and the patient not only takes but retains 
nourishment; the return of appetite is generally a significantly 
good sign. Cerebration is again alert and, in fact, those who 
have observed the sudden changes for the better in such patients 
can hardly realize the amount of brain tissue that was involved 
in the pathological process. 

Results of the Operation : Macewen reports that he operated 
upon nine cases of temperosphenoidal abscess with eight recov- 
eries. The case which died was operated upon while in extremis. 
Of cerebellar cases, he operated upon four, all of which recov- 
ered. 

The majority of ciu-es arc obtained in cases where the abscess 
was opened both through the cortex and through the mastoid 
wound. 

Kamer reports for this procedure, as follows: In cerebellar 
abscesses, the cures amounted to 66.6%, and in the cerebral 
cases to 84.6%, of the cases published in literature. 

Raphe (61) finds that 40.4% of the cases gave permanent cures. 
His study of the results of the surgery of these cases was made 
after the lapse of considerable time after the first reported cures. 
This placed him in a position to judge the permanency of the 
cures, and caused him to modify the figures usually obtained 
from the published statistics. 

After Effects of the Abscess : Unpleasant after effects of 
otitic brain abscess are to be expected as a result of trauma 
endured by the brain ; and from the persistence of paralysis or 
aphasias; and from the occmrence of the brain hernias and the 
loss of brain tissue. 

Lucae (62) reports a case of paranoia hallucinatoria, and 
Raphe reports that in ten healed cases some kind of cerebral 
disturbance persisted for a long time. In only two of these ten 
cases, however, were these disturbances permanent. 

Brain hernias, by permanently fixing the brain at some point, 
even when the brain tissue does not protrude beyond the con- 
fines of the mastoid cavity, subjects the brain to a succession of 
shocks during sudden jars or quick tummgs of the head. This 
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may produce attacks of dizziness or sudden loss of consciousness. 
Such observations have been made. The seizures occasionally 
simulate epileptiform attacks. 
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CHAPTER XII 

PARALYSIS OF THE FACIAL NERVE 

General Considerations — Diagnosis; Prognosis — Choice of Nerve 
for Anastomosis — When to Operate — Varieties of Anastomo- 
sis — Operation of Facial Accessory, and Facial Hypoglossal 
Anastomosis — Technical Points — After-treatment — Results. 

General Considerations : Facial palsy occurs independently of, 
or incidentally with ear disease, or it is the result of an affection 
of the ear. As a result of disease in the ear, it follows an involve- 
ment either of the middle ear spaces or of the labyrinth; or it is 
the result of trauma, due to surgical manipulations. 

When incidental to ear disease, facial paralysis has no obvious 
connection to the disease of the ear, and therefore, this form of 
facial paralysis is not discussed here. When the palsy is the 
result of ear disease, facial paralysis is most commonly observed 
in connection with chronic middle ear suppuration, although 
occasionally, it is found as the result of an acute middle 
ear involvement. This latter condition is observed mostly in 
children. 

Pressure exerted by the accumulation of purulent exudate in 
the tympanic cavity is a frequent cause of facial palsy. This 
produces a perineuritis or a neuritis (often seen in the acute 
cases). In these cases dehiscences in the contiguity of the bony 
encasement of the nerve are suspected. 

In the chronic cases of middle ear suppuration, the paralysis 
results from the encroachment of the carious or necrotic process 
upon the encasement of the facial nerve, the nerve itself being 
finaUy involved. This type of involvement is commonly found in 
tuberculous disease of the temporal bone ; the continuity of the 
nerve is generally destroyed in cases of this character. 

In cases of acute involvement of the internal ear, facial palsy 
results from the advance of the pathologic process to the nerve 
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at the bottom of the internal auditory meatus. I have observed 
early facial paralysis occur as the first sign of labyrinthine puru- 
lency in cases among children. 

Facial paralysis is occasionally, the direct result of surgical 
procedures upon the middle ear spaces. The manipulations nec- 
essary to remove impacted foreign bodies from the auditory 
canal, often cause an inward migration of the ossicles, and con- 
sequent impingement of one or other of the processes of the 
incus upon the nerve. While such accidents are not always 
avoidable, the open post-auricular method of removing foreign 
bodies presents less dangers to the facial nerve than intrameatal 
procedures; but even with the open method, the nerve b some- 
times unavoidably injured. 

During the performance of ossiculectomy, the nerve is liable 
to injury, by the instruments, or during the extraction of the 
incus. Reasonable care, coupled with a knowledge of the 
technique of this operation, makes the accident a rare occur- 
rence. 

The facial nerve is relatively more frequently injured during the 
performance of the radical mastoid operation. The injury usually 
occurs during the removal of the posterior meatal wall, when the 
mastoid wound cavity is connected with the tympanic cavity. 
Here too, exact knowledge of the surgical anatomy of the facial, 
and of the technique of mastoid surgery, minimizes the dangers to 
the nerve. (See Fig. 62.) Occasionally, the conditions found at 
operation are such that they justify the cautious removal of 
necrotic bone so close to the facial nerve that this structure may 
be injured. The surgeon must weigh the chances of recovery 
from the mastoid disease against a possible facial paralysis, 
and govern his actions by the conditions found. 

In the surgery upon the labyrinth, the facial nerve is frequently 
injured. In these cases we must not proceed too cautiously, as 
failure to eradicate a labyrinthine purulency is generally fatal. 

In infancy, the superficial point of emergence of the facial 
nerve must be borne in mind ; in making the first skin incision, 
as the knife may sever the nerve at its point of emergence from 
the skull. 

Finally, where deficiencies in the bony encasement of the facial 




Fio* l>2. — The F\n\L Nervf: ExprysiEP uv the Complete Re^ioval of nri; 

CK^EOUS Ftl^TEBIOK MeaTaL WaLL TO SHOW ITS RELATION AND GEN- 
ERAL DiREcrmi^r in the Radical Mastoid Woctnd Cavity. 



A, Eygromatic Hoot B. Aditim ail Antrum. 
Facbl Ner^-e. Ep Inner Table of Mastoicl. 



C, Tympanic Cavtty, D, 



PLATE XX. 




PARALYSIS OP THE FACIAL NERVE 299 

nerve exist, extravasations of blood or pressure from a tampon 
may produce facial palsy. The paralysis then occurs some time 
after operation, and is generally cured by removing the exciting 
cause. 

Summarizing, we find that the facial nerve may become involved 
because of bony dehiscences in the Fallopian canal, or through 
destruction of the canal by purulent processes, by pressure of 
cholesteatomatous masses, by pus retention, or labyrinthine 
involvement; or the palsy may result directly from surgical 
trauma. 

To complete the list of causative factors of facial paralysis, 
fracture of the base of the skull, purulent meningitis extending 
from the meninges to the internal auditory meatus and there 
involving the nerve; and pressure paralysis from the existence 
of cerebral abscesses or tumors, are to be remembered. 

Diagnosis : In every case of facial paralysis, a complete 
fimctional and otoscopic examination of the ear is indicated. 
Absence of objective ear symptoms and normal hearing demon- 
strate that the facial paralysis is not of otitic origin. If ear 
disease is present, the determination of the cause of the facial 
paralysis is a more difficult problem. The diagnosis must solve 
the question as to whether or not the facial paralysis and the 
ear disease stand in causal relation to each other. Generally 
speaking, otitic facial paralysis is of the peripheral type. 

It is often of importance to be able to locate the seat of the 
nerve lesion. If this is located between the branch to the sta- 
pedius muscle and the point of emergence of the nerve at the 
stylo-mastoid foramen, then disturbances in the sense of taste, 
with diminished activity of the salivary glands on the affected 
side, are noted. These phenomena are accounted for because of 
involvement of the chorda tympani nerve in the paralysis. 

When the lesion is located above the point where the branch 
of the stapedius is given off, and below the geniculate ganglion, 
in addition to the symptoms above described, there will be 
found a marked tinnitus (accompanied by some degree of deaf- 
ness), together with an increased capacity for hearing low- 
pitched notes. These findings are ascribed to the resultant 
paralysis of the nerve to the stapedius muscle. 
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When the lesion mvolves the facial centrally to the geniculate 
ganglion, disturbances of taste are absent, because the chorda 
tympani leaves the geniculate gangUon through the superficial 
petrosal to join the fifth nerve. (Tod, 1.) 

Prognosis : The prognosis depends upon the causative fac- 
tor; this is especially true in the non-otitic types of facial palsj'. 
If the paralysis is due to middle ear suppuration, i.e^, to pus 
retention, recovery usually follows evacuation and drainage of 
the tympanic cavity. 

In chronic cases, the recovery depends upon the duration of 
the pathological process, and the amount of damage the nerve 
has sustained. 

The determination of the presence of the reaction of degenera- 
tion is important in arriving at the prognosis. If a reaction of 
degeneration is present, recovery is doubtful. When recovery 
does take place, it is generally slow. 

In cases where facial paralysis immediately follows the opera- 
tion, as a result of injury by the chisel or curette, recovery may 
follow, provided the severed nerve ends are brought into inti- 
mate contact, or where they are left in apposition after the 
injury. Here recovery takes place spontaneously provided no 
granulation tissue intervenes between the cut ends of the nerve. 

Where the paralysis occurs after a lapse of time, recovery will 
take place ultimately, if the exciting cause is removed, and pro- 
vided the paralysis *does not indicate an involvement of the 
labyrinth. 

If sections of the nerve are destroyed by implication in the 
necrosis, then the paralysis is permanent. This is usual in 
tubercular lesions. Finally, surgical trauma generally destroys 
sections of the nerve with resultant permanent facial paralysis. 

For these permanent forms of palsy a technique has been 
devised, whereby the peripheral end of the paralyzed nerve is 
joined to the central end of a neighboring healthy nerve, in 
order to regenerate the terminal branches of the paralyzed 
facial, and restore the muscles of the face to activity. 

BaUance, of England, first performed anastomosis of the 
facial, using the spinal accessory. He performed his first opera- 
tion upon the human subject in 1895. Since then, many others 
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(see Taylor and Clarky (2),) have performed anastomosis of the 
facial with the spinal accessory, and the hypoglossal nerve. 

Choice of Nerve : The spinal accessory is easily reached and 
easily approximated to the distal end of the paralyzed facial. 
The loss of function which follows section of this nerve — inability 
to raise the arm above the horizontal — is miimportant and grad- 
ually disappears. A noticeable drooping of the shoulder, with a 
partial atrophy of the stemomastoid and the trapezius, is per- 
manent. Thus it is seen that the loss of normal fimction from 
severing this nerve trunk is not of moment. These considera- 
tions constitute the advantages claimed for the spinal accessory. 

On the other hand, objections have been found to the employ- 
ment of the accessory because, in certain cases, movements of 
the shoulder were found to be associated with movements of the 
face muscles and vice versa {Woolsey (3), Taylor (2), Cushing 
(4).) Exceptions to this finding of associated movements are 
recorded by MirUz (5) and Elsberg (6), and although an entire 
dissociation of movement is rare, partial dissociation does take 
place after the cortical center of the spinal accessory has been 
educated to its new function. A considerable lapse of time is 
necessary for this to become established. 

Taylor and Clark state that during the last three years, the 
hypoglossal has been chiefly used for anastomosis with the facial. 
This nerve has the advantage of being anatomically and phy- 
siolo^cally in intimate relationship with the facial at their cen- 
tral extremities in the brain. A priori, it appears easier to 
educate the hypoglossal center to take on the functions of the 
facial. According to Woolsey, the disadvantages of the spinal 
accessory are the advantages of the hypoglossal. Alfred Taylor 
favors the hypoglossal as affording the best results. He believes 
that the end-to-end anastomosis should not be performed, but 
that the distal end of the facial should be implanted by lateral 
implantation into the hypoglossal. This procedure seems to 
^ve the best results, avoiding even the palsy to the tongue. 

The use of the hypoglossal by end-to-end anastomosis re- 
sults, in a paralysis with atrophy of one half of the tongue. 
This naturally afifects speech, and in the beginning there is 
observed interference with the act of swallowing. This is a 
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3nd-to-end method, or by a procedure known as lateral implan- 
tation. 

End-to-end anastomosis necessarily sacrifices the peripheral 
md of the healthy nerve with consequent paralysis of its mus- 
de field. On the other hand, it is easy to carry out and requires 
ess skill than lateral implantation. 

In end-to-end anastomosis, the peripheral end of the paralyzed 
facial, or a large segment of it, is approximated to the central 
3nd of either the hypoglossal or the accessory. Instead of using 
the entire central end of the intact nerve, a large segment of this 
nerve may be employed. This is the procedure most commonly 
employed in the facial anastomosis. 

Lateral implantation does not necessarily sacrifice the entire 
Function of the healthy nerve. The peripheral end of the para- 
lyzed facial is implanted in a longitudinal slit or niche made in 
the intact nerve. - This method, although more difficult in tech- 
nique, saves tie muscle field of the healthy nerve from paralysis, 
and is the procedure which is advocated for these cases. 

Facial-Hypoglossal and Facial-Accessory Anastomosis : The 
operation begins by making an incision into the skin and sub- 
cutaneous fascia, along the anterior border of the stemomastoid 
muscle. The incision commences about 2 cm. above the mas- 
toid tip, and is carried downward along the muscle margin to a 
point level with the upper border of the thyroid cartilage. 
Bleeding vessels are clamped, and if necessary, ligated. 

The stemomastoid muscle is now exposed by a blunt dissec- 
tion; the posterior margin of the parotid is then also in view. 
The separation of the posterior edge of this gland from the sur- 
rounding tissue then ensues. The gland is pulled forward, and 
the stemomastoid muscle backward. The facial nerve is now 
sought. It is generally found at its point of entrance to the 
parotidj about 1 cm. above, and 1 cm. internal to the mastoid tip. 
(See Fig. 63.) 

Dud apd Frazier (12) have suggested removing a small 
amount -of the mastoid tip to expose a greater amount of the 
aerve trunk, a suggestion which Taylor tried and finds the surest 
and quickest way of obtaining a requisite length of nerve tnmk. 
Furthermore, when difficulty is experienced in locating the 



304 



THE SURGERY OF THE EAR 



nerve, the skin incision may be carefully deepened, cutting into 
the posterior border of the parotid gland. Gentle separation of 
the severed parts usually will reveal one or other of the chief 
branches of the facial. From the branch thus located', the nerve 




Fig. 63. — Guide to Factal Accessory Anastomosis. 

A, Digastric Muscle. B, Sternomastoid Muscle Pulled Aside. C, Clamp on 
Suture Passed Through Spinal Accessorv Nerve. D, Sutures in Facial 
Nerve (M). E, Mastoid Tip. (After Gushing.) 



trunk may be found by tracing the branch backward to its parent 
trunk. (Fig. 63.) 

The trunk when located, is raised upon a blunt hook or other 
suitable instrument, and two fine silk sutures passed through its 
sheath, just beyond the site at which it is determined to sever 
the nerve trunk. Necessarily, the nerve should be cut as close 
to the stylomastoid foramen as it is possible to go. 
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If the amount of nerve trunk obtained is insufficient to effect 
an anastomosis the removal of mastoid bone tissue will free a 
greater length. The nerve trunk with the sutures in position is 
then placed to one side, until the nerve selected for the anas- 
tomosis has been located and properly prepared. The subse- 
quent procedure varies according to the nerve selected. 

If an anastomosis with the hypoglossal is desired, the dissec- 




FiQ. 64. — Lateral Implantation of the Distal End op the Facial 
Nerve (M), into the Hypoglossal Nerve (N). (Taylor's Method.) 

A, Cut Ends of the Di^tric Muscle. B, Stemomastoid Muscle. E, Rem- 
maius of Mastoid Tip. M, Facial Nerve. (Dotted Line Showing Original 
Course of Nerve.) N, H^rpc^lossal Nerve. O, Internal Jimilar vein. 
P, Carotid Artery. S, Spinal Accessory Nerve. (Partly Schematic.) 

tion into the deep fascia continues. The occipital artery and 
the posterior belly of the digastric are guides to this nerve. The 
hypoglossal nerve is found in the deep fascia as it curves under 
the occipital artery to cross the external carotid artery. (See 
Fig. 64.) 

The hypoglossal is carefully separated from the surrounding 
tissue imtil sufficient length is obtained to permit an easy ap- 
proximation with the peripheral end of the facial. Fine silk 
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sutures are now passed through its sheath. These are used to 
steady the nerve during the subsequ^t maneuvers. If end-to- 
end anastomosis is to be performed, the nerve is cut with a 
sharp knife, just beyond the sutures, and the central end of this 
nerve is sutured to the peripheral end of the facial by means of 
four fine silk sutures passed only through the nerve sheath. 

Where lateral implantation is to be tried, the hypoglossal is 
suitably supported, and a horizontal, or rather a longitudmal, 







FiQ. 65.— Same as Fig. 64. The Distal End of the Facial Nerve (M) is Cut 
and Turned to Meet the Cut End of the Spinal Accessory Nerve, to make 
an end-to-end Anastomosis. The clamp C, Holds the Distal End of 
the Spinal Accessory Nerve. (After Gushing.) 

slit is made in its sheath, into which the peripheral end of the 
facial nerve is grafted. One or two fine silk sutures fasten the 
graft into position. 

If anastomosis is to be made with the spinal accessory, this 
nerve is sought. This is easy of accomplishment. The nerve is 
generally located about 5 cm. below the mastoid tip, at which 
place it enters the stemo-mastoid muscle. It Ues just beneath 
the deep fascia, the transverse process of the atlas serving as a 
guiding landmark. The nerve is covered by the posterior belly 
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of the digastric and lies directly below the transverse process of 
the atlas. (See Fig. 65.) 

Silk sutures are passed through the nerve sheath, and it is 
severed at a point just proximal to the suture, when an end-to- 
end anastomosis is to be made. 

Sometimes the anastomosis is made over the belly of the 
digastric, or, as performed by Miviz, this belly may be divided 
to facilitate the anastomosis. ViUar (13) made the anastomosis 
imderneath the muscle. 

Where lateral implantation is desired, the technique is similar to 
that described above for lateral implantation of the hypoglossal. 

Points in the Technique : Fine curved, round needles should 
be employed. The sutures should be placed before the nerve is 
divided. The nerve stumps should not be handled, except by 
means of these silk sutures. 

The nerve trunks must never be divided with scissors, but by 
a sharp knife. If the ends of the facial nerve are found diseased, 
before suture, they must be freshened, using a sharp knife for 
the purpose. 

After exposure of the nerves, care should be exercised to 
minimize the trauma to which the nerves are subjected. They 
must not be handled with the forceps, but by perineural sutures, 
introduced before the nerve is cut. During the entire procedure, 
perfect asepsis is necessary for the successful issue of the operation. 

After-treatment : Following the completion of the anastomo- 
sis, Cargile membrane may be wrapped around the point of 
anastomosis, to prevent the ingrowth of connective tissue, or 
the formation of adhesions. 

The remainder of the wound may be closed at once, or the 
suture of the wpund may subsequently be done, omitting the 
Cargile membrane from the dressing. 

During the entire period, as near perfect asepsis as possible 
is a necessity. 

Further after-treatment, consists in massage of the facial 
muscles, stimulation bf their tone by electricity, at first by 
means of the galvanic current and later with faradism. 

Results : The r(»sults of anastomosis of the facial are encour- 
aging, but as Woolsey remarks, the operation is still of too recent 
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date and its technique still too unsettled to permit of a large 
statistical review. 

In view of the benefits to be derived from its successful per- 
formance, it should at least be tried, rather than to doom cases 
to a lifelong facial paralysis. 

Results are found to vary somewhat with the age of the 
patient, the duration of the paralysis, the method of anastomosis 
employed, and the degree of asepsis and the mastery of the diflB- 
cult technique. 

Mintz reports seven failures among twenty-two anastomoses. 

Which form of anastomosis and which nerve tnmk should be 
employed remain, in the present state of our knowledge, an open 
question. 

The successful outcome of an anastomosis is the restoration of 
normal fimction and the restoration of the symmetry of the face 
in repose. This is the first result to be expected. If improve- 
ment continues, voluntary control of the facial muscles is ac- 
quired, enabling the patient to close the eye in winking, pucker 
the muscles of the mouth, etc. A complete recovery demands 
restoration of the function of movements in the muscles of ex- 
pression and emotion. This is hardly to be expected, however. 
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CHAPTER XIII 

LUMBAR PUNCTURE* 

As an Aid to Diagnosis — As a Therapeutic Measure — As a 
Procedure to Produce Ancesthesia — Technique of Lumbar 
Puncture. 

Lumbar puncture has aroused a wide discussion, both as a 
therapeutic measure and as an aid to diagnosis since its intro- 
duction into medicine by Quincke. 

In the succeeding, we have endeavored to collect authorita- 
tive opinions, classify and arrange them, in order to give a gen- 
eral r6sum6 of a subject which, when properly placed and intel- 
ligently used, is of great value to otology. 

The subject resolves itself into the consideration of lumbar 
punctiu^e from three distinct view points: 

I. As an aid to diagnosis. 

II. As a therap utic measure. 

III. As a procedure to produce anaesthesia. 

1. As an Aid to Diagnosis : From an originally empirical 
procediu-e, lumbar punctiu-e has developed into a highly scien- 
tific exploratory method. The chemical and bacteriological 
character of the spinal fluid has been studied with great care in 
Germany. The practical value of this diagnostic measiu-e was 
enhanced in France by applying to the fluid the method known 
as cytodiagnosis of Widalj Ravaud, and Sicard with its greater 
precision and more definite formulse. 

In contradistinction to the bacteriological examination of the 
cerebrospinal fluid with its direct demonstration, cultures, and 
animal inoculation, the cytodiagnostic or histological method 
consists in the microscopic determination, in the obtained fluid 

♦ This chapter is written from material used in an article on lumbar 
puncture, published by the author in the American Journal of Medical Sd" 
ences, AprU, 1906. 
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as withdrawn, or after centrif ugation, of the several varieties of 
leucocytes which are differentiated in accordance with their 
morphology and their staining affinities. The cytological for- 
mulse established by Sicard, Widal, and Ravaud express the prac- 
tical application of the histological method. 

The bacteriological and the cytological examination were soon 
extended by cryoscopy {Widaly Sicard, and Ravaud), chroino- 
diagnosis (Sicard), chemical analysis applied to certain forms of 
meningitis (Sobrazes, Deniges, and Wulf), and finally the study 
of meningeal permeability, etc. 

Essential points in the technique of the examination of cere- 
brospinal fluid are : 

1. The pressure under which it is obtained. 

2. Its coloration (chromodiagnosis). 

3. The bacteriological findings. 

4. Cytodiagnosis. 

5. The chemical examination. 

6. Cryoscopy of the fluid. 

Normal cerebrospinal fluid is a clear transparent liquid, with 
a specific gravity of 1003 to 1004 {Archard and Laubry (79),) 
and usually of a quantity varying from 60 to 100 grams, which is 
sometimes increased to 300 and even 400 grams in the aged. 
Under abnormal conditions the color is often altered, and the 
specific gravity varies from 1002 to 1009 (Archard, Laubry). 

1. Pressure. The degree of pressure under which the cerebro- 
spinal fluid is obtained is easily recognized without instruments 
by the strength of the spurt and the height of its curve duruig 
withdrawal. Slow evacuation, drop by drop, indicate hypo- 
tonia, while a fountain spurt, the patient in a recumbent position, 
gives evidence of a rise of pressure. Pressure is subject to con- 
siderable vacillation in the same patient, and during the same 
posture, depending upon the position of the head, cardiac pul- 
sation, and respiratory activity. (Reiken (56).) 

According to Quincke, pressure rises in grave inflammatory 
conditions, in tuberculous meningitis, and in brain tumor; the 
highest observations recorded are those in tuberculous menin- 
gitis and acute hydrocephalus. 

Lermoyez (57) noted a behavior of the puncture liquid, simu- 
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lating a urinary stream issuing under strong pressure, in a case 
of brain abscess of otitic origin. . 

The diagnostic importance of pressure is on the whole a 
limited and secondary one. Heiman (157), in a recent publica- 
tion places great diagnostic value on the pressure under which 
the fluid is obtained, and advocates the use of a manometer for 
estimating this pressure. 

2. Coloration. For the summary of characteristics obtained 
from the coloration of the cerebrospinal fluid, Sicard proposes 
the name **chromodiagnosis." He considers this part of the 
examination as very reliable and instructive. Unfortunately 
the cases with distinct modification of color are usually the least 
obscure clinically. 

Wentvxrrth (68) suggests careful comparison of the fluid re- 
ceived from spinal puncture into a test tube with distilled water 
contained in a similar tube. The normal appearance may be 
altered by accidental or pathological admixture with blood or 
micro-organisms. Blood is easily recognized. Leucocytes con- 
tained in the fluid cause a characteristic turbid appearance, 
although there is a record of an observation by Braunstein in 
which the fluid was cloudy without hyperleucocytosis or other 
formed constituents (probably as a result of unrecognized chem- 
ical changes). 

In a general way coloration is affected in acute meningeal 
inflammations, exceptionally in these conditions the fluid may 
remain clear. 

The discoloration varies from almost clear to a general yellow, 
and from the slightest trace of cloudiness to a well-defined puru- 
lent turbidity in cases of acute bacterial meningitis. In chronic 
meningitis the fluid will generally be found clear, but occasionally 
it presents a greenish-yellow color. {Raymond^ Widal.) In 
tuberculous meningitis Widal found it usually clear, sometimes 
opalescent; on the other hand, Wentworth always found it more 
or less cloudy. It was clear in only 5% of the cases of Bemheim 
and Moser (60). From admixture with pigment derived from 
bile or from blood serum it may present a yellowish or greenish- 
yellow color in cases of icterus. {Widal, Sicard, and Ravaud 
(61).) 
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So much variability in the coloration of the fluid has been 
observed by Foster (59) that he places no faith in the data 
obtained from the color examination. 

3. Bacteriological Findings. The bacteriopathology of punc- 
ture fluid has been extensively studied since the introduction of 
the method. Nearly all forms of micro-organisms have been 
found in it, for there may be a mixed infection, with other bac- 
teria than those pathognomonic of the disease in any given con- 
dition. Diplococci are especially common in affections of the 
spinal meninges, but true gonococci are rarely foimd. WdchseU 
baum*s diplococcus intracellularis, the accepted cause of cerebro- 
spinal meningitis, if found, settles the diagnosis in this disease. 
This is generally demonstrated without difficulty, and may be 
distinguished by culture methods from the micrococcus catarrh- 
alis, which is much more easily grown in lower temperatures and 
on all kinds of culture media. In otogenic infections arising 
from a pathological process in the region of the ear there may be 
no micro-organisms at all in the cerebrospinal fluid. (Hastings 
(80).) 

Kroenig (81) demonstrated granular detritus nerve fibers con- 
taining myeline, free myeline, and blood crystals in the bac- 
teriological findings of the spinal fluid. 

He examined the fluid from four cases during life which later 
came to autopsy, and his diagnosis previously made by puncture 
of cerebral foci of softening with rupture into the subarachnoidal 
space was borne out by the post-mortem findings. 

In the fluid withdrawn from hemiplegics the signs of older 
hemorrhages into the brain substance or the meninges were 
demonstrated in the form of hsematoidin and hemosiderin. The 
^ finding of these latter in the fluid might be of eventual value in 
the differential diagnosis between embolism and hemorrhages. 
He was never able to demonstrate tumor elements, although he 
once was able to diagnose a rupture of a brain tumor, which was 
confirmed at autopsy, from the detritus found in the puncture 
fluid. 

Bacteriological examination includes direct investigation, 
cultures, and inoculation. Cytological diagnosis does not 
exclude bacteriological examination. The bacteriological test 
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made directly and by culture may be performed at the bedside. 
{Sicard (62).) 

The direct examination is made according to laboratory 
methods in common use for research work of this kind. StadeU 
man has shown that bacteriological findings, notably of the 
tubercle bacillus, depends largely upon the worker's skill, con- 
sequently he considers only positive findings of diagnostic value. 

In acute cases where the medical or therapeutic interference 
must be prompt on accoimt of imminent danger to life the direct 
examination is the only method of practical use. Cultures and 
animal inoculations presuppose so much time that these proced- 
ures are adaptable only to chronic cases and to the tuberculous 
form of meningitis. 

One seeks bacilli on the fibrinous threads which form in the 
tube after standing or after centrifugation of the fluid. 

In the so-called microbial forms of meningitis many kinds of 
bacteria have been found, the staphylococcus (Josias, Netter^ 
Stadelman, etc.), the streptococcus, FraenkeVs and WeichseU 
baum's pneumococcus, the Ebert bacillus (demonstrated by 
Werdwarth and Lenhartz), the colon bacillus, the tubercle bacillus, 
and many others. 

The tubercle bacillus, especially, has caused great trouble and 
raised much discussion. It is not found in all cases, and the 
variable results are explained by the different methods employed 
by the respective workers. Kroenig (64) attributes failure to 
an imperfect centrifugation, or to a poor stain; he states his 
belief as to the possibility of demonstrating tubercle bacilli m 
each and every case of tuberculous meningitis (65). 

Schwartze (66) endorses Furbringer^s method of spontaneous 
clot production after permitting the fluid to stand twenty-four 
hours as preferable to centrifugation of the fluid ; he divided the 
fluid into two parts, one of which was subjected to centrifuga- 
tion and demonstrated the bacilli only in the untreated portion. 

The absence of tubercle bacilli may be due to the fact that the 
meningeal tubercles have not broken down, or that they are 
limited to the cranial menmges and the communication between 
the two cavities is clogged or obliterated, or that the puncture 
has penetrated into the subdural space. {Siadelman 67.) This 
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opinion is plausible for certain cases, but less satisfactory than 
the explanation of negative findings by reason of faulty tech- 
nique. 

When found the tubercle bacilli are always present in smaD 
numbers, a warning that not every rod retaining the stain after 
the Ziehl solution and sulphuric acid discoloration should be 
considered as KocKs tubercle bacilli is sounded by Griffon and 
PhiJbert, 

As to the culture methods, the advantages of conclusive 
results are offset by the delay in the appearance of the culture 
growths, usually two or three weeks. This prevents the prac- 
tical application of culture methods for diagnostic purposes in 
the majority of the intracranial complications of middle ear 
disease. 

Negative results do not by any means demonstrate the 
absence of micro-K)rganisms in the cerebrospinal fluid. The 
cultures may prove failures because the medullary canal did not 
share in the inflammatory process, or because the fluid itself had 
bactericidal properties preventing the preservation of bacterial 
vitality or virulence, or because these bacteria have become inde- 
pendently attenuated (Leutert). The pneumococcus and the 
meningococcus are feebly virulent in the purulent exudate of 
meningeal inflammation, and they yield no culture for from 
eight to ten days after the onset of the disease. (Concetti 24.) 

Besancon and Griffon obtained a positive result in regard to 
the tubercle bacillus by adding a few drops of the fluid to gela- 
tinized blood. Twelve to fifteen days later the colonies were 
visible to the naked eye. 

Animal inoculation is of especial value for the demonstration 
of tubercle bacilli, but the method demands at least three 
weeks' time. The fluid is introduced into the peritoneum of 
guinea-pigs; the results may be negative for similar reasons as 
in the case of the cultures, generally on account of the diminished 
virulence or the small numbers contained in the inoculated fluid. 

Inoculation was successful in 27% of the cases of tuberculous 
meningitis of Bemheim and Mosser, and in 30% of those of 
Netter, The scientific accuracy of these examinations is incon- 
testable according to Variot (68). Their value is, however, only 
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relative for the clinician who requires prompt information. The 
answer from the laboratory comes of necessity so late that in the 
case of tuberculous meningitis the paralytic phenomena of the 
final stage will precede and confirm them {Chavasse and Mahu). 

4. Cytodiagnosis. This method of examination, recently in- 
troduced by Sicardy Widal, and Ravaud, 1900, consists as 
already indicated, in the histological study of the cellular ele- 
ments contained in the spinal fluid, this study being based on 
the determination of the number and nature of its formed 
elements. Remarkable practical results have been obtained by 
this method, which Wentvxnih (84) had suggested in 1896 and 
Bemheim and Mosser (85) in 1897, for the study of meningeal 
affections. 

By means of cytodiagnosis as a routine measure certain cyto- 
logical formulae have become established in connection with 
various cerebral or cerebrospinal affections. 

Normal cerebrospinal fluid or fluid unaltered by general or 
nervous diseases contains only a few leucocytes, not more than 
one or two in the microscopic field. When, on the other hand, 
the meninges are the seat of irritation or inflammation, formed 
elements appear in the fluid whose number and character vary 
with the intensity and nature of the inflammatory process, rep- 
resenting at once a qualitative and quantitative reaction. 

The technique of the method is described in detail in the works 
of Widal, Sicard, and Ravaud, and is of easy and practical appli- 
cability. The succeeding microscopic examination must be 
made with the greatest care and thoroughness, since the leuco- 
cytes may be unevenly distributed — being occasionally much 
more numerous on some slides than on others. The observer 
must be able to recognize, differentiate, and count the different 
elements. {Sicard (86).) 

The Ijrmphocytosis of the cerebrospinal fluid indicates only the 
presence of meningeal irritation, and therefore docs not in itself 
furnish information as to the nature of the irritating process. 
Being simply a sign of meningeal irritation, it does not invariably 
indicate meningitis. Dana (151) found increased lymphocytosis 
present in two cases of paresis, while in two other cases the fluid 
was clear. 
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Lymphocytosis of the spinal fluid is especially observed in 
chronic meningeal affections, as for instance in tabes (91), nlulti- 
ple sclerosis, syphilis, and tuberculous meningitis. 

Polynucleosis is the sign of an acute and violent irritation. It 
is usually found in acute nontuberculous meningitis from various 
causes (pneumococcus, staphylococcus, meningococcus). At this 
stage the fluid contains almost solely polynuclear leucocytes, gen- 
erally in sufficient numbers to give the fluid a cloudy aspect. 
Sometimes the fluid appears normal and the polynuclear leuco- 
cytes are only discoverable after centrifugation. It has been 
noted of the fluid, especially in cerebrospinal menignitis, that 
the polynuclear leucocytes decrease as recovery progresses, then 
they are replaced by lymphocytes, which in their tiu^n gradually 
disappear when recovery is complete. {Labbi and Castaigmi 
Sicard and Bricy.) 

In a case (155) of otitic purulent meningitis recently under 
observation, the decrease in polynuclear leucocytes and the 
increase in the number of lymphocytes advanced proportionately 
as recovery progressed. 

Polynucleosis has been occasionally observed in tuberculous 
meningitis. According to Braunstein it is often found in suppu- 
rative meningitis complicating middle-ear disease. Leutert states 
as a result of his work on the complications of middle-ear disease 
that a marked general leucocytosis usually strongly suggests 
meningitis, an opinion shared to some extent by Lenhartz. Poly- 
nuclear leucocytosis, as always suggestive of meningeal inflam- 
mation, had previously been commented on by Staddmanf 
Bemheim, Mosser, Lichiheimy and Wentvxnih. 

5. Chemical Examination. For purposes of diagnosis the 
chemical character of the cerebrospinal fluid is indifferent and 
devoid of practical value in ordinary cases. The normal reaction 
is alkaline, presenting a considerable proportion of sodium chlo- 
ride, and containing neither fibrinogen nor fibrin ferment. In 
meningeal inflammations the albumin increases, especially m 
the suppurative forms where it may reach 7% or even 9%. In 
such cases, however, the diagnosis can be made by the gross 
aspect of the fluid. DaskiewitZ' Korybut believes that a per- 
centage of more than 1% in the albumin points to inflam- 
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matory processes and should be taken as a contraindication of 
tumor. 

ReUcen (83) holds that in tuberculous meningitis the average 
of albumin is about 2%. ' 

Fiichs (152) believes that there is still much room for improve- 
ment in the technique of the physical and chemical methods of 
examining the spinal fluid. He attaches great importance to 
the determination of the freezing point and to the electrical con- 
ductivity of the fluid. 

The constant raising of the freezing point in all forms of men- 
ingitis, and the disturbances in the relative values of the electrical 
conductivity and the freezing point he interprets as an alteration 
in the relative proportion^ of organic and inorganic constituents, 
which he beUeves occurs in meningitis exclusively. 

6. Cryoscopy. The determination by cryoscopy of the osmotic 
tension of the cerebrospinal fluid means the establishment of its 
coagulation point as compared to that of blood serum, and has 
been employed by Sicard, Widal, and Ravavd (87). This pro- 
cedure necessitates special instruments, and Bard prefers hemar 
tolysis according to the Hamburger method of determination of 
the isotonicity of salme solutions. This procedure consists in 
trying if the cerebrospinal fluid is stained by the influence of a 
few drops of blood added to the punctiu^ fluid, which is then 
subjected to centrifugation. In the normal state the cerebro- 
spinal fluid does not *'leak," but "leakage" occurs when it is in 
a state of hypotonia. Bard (88), however, admits the inferior 
value of hematolysis as compared to cytology in the diagnosis of 
acute forms of meningitis, since it does not assist materially in 
the differential diagnosis, presenting "leakage" in tuberculous 
memngitis, and even in slight inflammatory conditions and 
meningeal implications due to profound intoxication. 

Interesting as they are from the scientific view exclusively, 
the results of cryoscopy and hematolysis up to the present writ- 
ing are possessed of almost no practical value. 

Siunming up these various methods of examination of the 
spinal fluid, it should be borne in mind that it is not so much a 
given characteristic of the cerebrospinal fluid, but the totality of 
its examination which should furnish diagnostic indications, and 
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the results of this examination should always be considered in 
connection with the chnical development of the case. Erroneous 
conclusions are only too easily arrived at in the difficult cases 
where lumbar puncture is undertaken in order to assist an uncer- 
tain or a doubtful diagnosis. 

Significance of Pathological Findings : During the first period 
of intercranial complications of middle-ear disease, at a time 
when judicious interference may serve to rescue the patient's 
life, diagnosis frequently presents enormous and even insur- 
mountable difficulties. The importance of the specialist's deci- 
sion in these serious cases is such that he is called upon to resort 
to all the exploratory methods furnished him by general medicine 
for the solution of his compUcated problem. 

The presence of otitis media does not by any means exclude 
the possibility of a cerebrospinal meningitis or a tuberculous 
meningitis, both entirely independent of the ear disease proper. 
The existence of a chronic tuberculous otorrhoea creates an equal 
predisposition for the development of a tuberculous meningitis, 
as it does for that of a simple purulent meningitis from infection 
by contiguity. 

The choice between the two may occasionally prove most 
embarrassing. {Luc (70).) 

Stadelman (71) stated ten years ago that the differential 
schedule to distinguish purulent meningitis, tuberculous menin- 
gitis, and brain abscess was as follows: A clear fluid with tuber- 
cle baciUi indicates tuberculous meningitis. A turbid Uquid, 
clouded up to purulency with various forms of micro-organisnis, 
means suppurative meningitis, and a clear Uquid without micro- 
organisms points to brain abscess. 

This summary, although not infallible, represents considerable 
progi'ess in the diagnosis of intracranial complications of ear dis- 
ease. But the advance that has since that time been made in 
the methods of examination of the cerebrospinal fluid, coupled 
with a widtT knowledge of ear complications, permits of a new 
and generally applicable — although not yet perfect — schedule 
fitting the majority of cases. According to Chavdsse and Mahu 
(72) a clear, normal noncoagulable fluid indicates sinus throm- 
bosis, brain abscess (epi- or subdural), simple serous meningitis, 
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mcningismus, hysteria, and occasionally a circumscribed men- 
ingitis. If the fluid comes away in spurts under pressure the 
probability of serous meningitis, sinus thrombosis, or more rarely 
brain abscess, is increased. A clear fluid without bacteria or 
coagulating elements makes for a probable diagnosis of menin- 
gitis, toxic (?) or tuberculous. A clear or yellow or slightly 
turbid fluid with predominating lymphocytosis, or the tubercle 
baciUi, indicates tuberculous meningitis after clinical eUmination 
of other causes of lymphocytosis, if there are no tubercle bacilli 
present. An opalescent or purulent fluid, forming a coagulum, 
with predominating polynucleosis, and eventual presence of 
various micro-organisms, means acute diffuse meningitis, puru- 
lent or nonpurulent, cerebrospinal meningitis (provided Weich- 
selbaum's meningococcus is present), and if the puncture is 
hurried — i.e., the fluid aspirated — sometimes it indicates a cir- 
cumscribed meningitis. 

Apart from the clinical symptoms, lumbar puncture does not 
give the mathematical certainty of establishing the differential 
diagnosis between brain abscess, serous meningitis, meningismus, 
or sinus thrombosis. It is thus shown that* lumbar puncture 
fails precisely for the differential diagnoses of greatest import- 
ance to the otologists, leaving doubt also as to the existence of a 
circumscribed meningitis. 

The opinions of observers who have made a special study of 
lumbar puncture vary widely as to the practical value of positive 
results of the examination of the spinal fluid — meaning a change 
in the constituency of the fluid — and of negative findings-=-mean- 
ing a normally constituted fluid. 

Stadelman, in 1895, considered negative results as devoid of 
value, especially for diffcTcntial diagnosis between brain abcess 
and purulent meningitis. Since that time he has modified his 
opinion. Braun (73) admits only positive findings for the diag- 
nostication of meningitis, and Lichtheim (74) reports a case 
diagnosed as diffuse meningitis because the fluid was cloudy 
from the presence of leucocytes, but which turned out to be a 
circumscribed meningitis. 

Leutert (75) and also Cheney (82) attach importance to a nega- 
tive finding, the object of the former being especially to exclude 
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meningitis. He takes a quantity sufficient in amount (12 to 
15 cm.) to ascertain the withdrawal of the fluid from the cranial 
cavity. 

Chavasse and Mahu consider this last condition as super- 
fluous, as demonstrated by recent' application of the cytodiag- 
nostic method the cerebrospinal fluid is not a stagnating, sta- 
tionary liquid, there being a constant interchange between the 
cranial and the spinal cavities. 

According to Leutert, an objection to placing too much value 
on negative findhigs is the possibility of an existing obstruction 
of the communication between these two cavities. This ob- 
struction is demonstrated when it is possible to withdraw only 
a very small quantity of the fluid. 

Grunert (76) agrees with Leutert in trying to exclude diffuse 
purulent meningitis by lumbar puncture. He lays great stress 
on the data derived from the clinical picture. 

Brcmnstein summarizes the conclusions of Leutert and Schwartz 
laid down at the *'Versammelung Deutsche Naturfoerscher und 
Aerzte zu Hamburg, 1901," as follows: A negative result, fluid 
clear and normal, definitely excludes the existence of diffuse 
purulent meningitis. A positive result, fluid turbid from in- 
crease of leucocytes, with presence or absence of micro-organ- 
isms, demonstrates the existence of diffuse purulent meningitis, 
or of cerebrospinal meningitis (if the meningococcus intracellu- 
laris is present). Braunstein does not consider it essential 
that the leucocytes present must be polynuclear, but he 
admits that the fluid may show turbidity in case of brain 
abscess. 

At a time when the cytodiagnostic method was not yet in use 
Luc wrote that in a doubtful diagnosis between encephalic 
abscess and meningitis the absence of microbes in the fluid 
withdrawn by puncture and the innocuity of the fluid when in- 
oculated into laboratory animals presented strong presumptive 
evidence in favor of brain abscess. 

Komer (77) considers lumbar puncture as a frequent but not 
invariable positive diagnostic measure in otitic leptomeningitis. 
He makes the reservation that a fluid slightly cloudy with bac- 
teria may be found in diffuse as well as in circumscribed menin- 
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gitis, and that there may be circumscribed meningitia with a 
clear fluid. 

SchuUz (78) declares that neither the macroscopic aspect of 
the trouble nor the microscopic evidence of increase of leucocytes 
are in all cases sufficient for the establishment of the diagnosis of 
diffuse purulent meningitis; he, however, attributes great im- 
portance to the bacteriological examination which, as we have 
ah-eady seen, unfortunately are often a failure, as are also the 
attempts at making cultures. 

Cytology as applied to general medicine furnishes some points 
of interest for the study of the otitic forms of meningitis. Net- 
ter (92) does not consider a clear fluid a conclusive proof of the 
absence of meningitis; moreover, the aspect of the fluid may 
vary with the time of the puncture. Archard and Lavhry (79) 
believe that if positive results of lumbar puncture are taken to 
indicate the presence of meningitis, a negative result should not 
be held as irrefutable proof that no meningitis is present. For 
Sicard, the withdrawal of a clear fluid without leucocytes suffices, 
given the presence of doubtful meningeal symptoms to deter- 
mine the absence of a meningeal inflammation. 

Differential Diagnosis : In children especially tuberculous 
meningitis and cerebral tubercles are often observed, either as 
a complication of tuberculous otitis or as an accompanying result 
of non-tuberculous ear disease; moreover, tuberculous menin- 
gitis is often incorrectly diagnosed as ordinary meningitis or even 
as brain abscess. In order to prevent an eventual useless opera- 
tion the examination of the cerebrospinal fluid is resorted to as a 
diagnostic aid. . 

The fluid obtained in these cases is generally clear and trans- 
parent, sometimes greenish yellow or tinged with blood. 

Wentvxjrth claims that, when compared to distilled water, the 
fluid is almost invariably cloudy. It flows out under pressure, 
and the coagulum which forms in it is muddy, white, or gray, 
quite hard, and not easily smeared on slides ( Netter) . The tuber- 
cle bacillus is demonstrable microscopically in about an average 
of 50% of all cases, always in small numbers. Not so long ago 
the demonstration of the tubercle bacillus meant the crucial test 
for the presence of tuberculous meningitis, and as this examina- 
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tion was frequently negative, Monti (100) held that lumbar 
puncture was devoid of value as an aid to diagnosis. Friedr 
jung (101) held similar opinions. But the significance (rf the 
examinations has been materially changed by the woric of 
Widaly Sicard, and Bavaud, as already described. Cytodiagnosb 
invariably shows an excess of lymphocytes, sometimes mixed 
with polynuclear leucocytes and endothelial cells. 

In some cases this lymphocytosis seems to have led to a diag- 
nosis of tuberculous meningitis when there was present only a 
simple meningitis, as demonstrated at autopsy. 

Diffuse purulent meningitis due to various microbes is the 
most commonly observed form of this disorder as a complica- 
tion of suppurative middle-ear disease. In diffuse suppurative 
leptomeningitis arising as a complication of ear trouble, or 
accompanying sinus thrombosis or bram abscess, the fluid with- 
drawn by puncture is changed both macroscopically and micro- 
scopically. The seat of the suppurative pnx?ess is commonly the 
subarachnoidal (exceptionally the subdural) space. The fluid 
is accordingly seen to be cloudy, greenish yellow, sometimes 
typically purulent, very frequently containing various forms of 
microbes, such as the staphylococcus, the streptococcus, the 
pneumococcus, etc., and considerable quantities of leucocytes. 
The pressure varies from high (Stadetman) to low (ChavasM and 
Mahu). Oytodiagnosis confirms the typical increase of poly- 
nuclear leucocyt(»s in suppurative meningitis, especially <rf the 
otitic fonn. (Leutert (102).) Braunstein btJieves that the pres- 
ence of bacteria is not essential for the diagnosis of meningitiB, 
but that a hy|XTleucocytosis \iith a turbid fluid points directly 
to the existence of a puruk^nt meningeal inflanmiation. In a 
case of suppurative meningitis ol>served by Chavasse and Mahu 
the puncturt* fluid containcnl many polynuclear leucocytes and 
some pneumococci. In another cast*, one of multiple brain 
al)sc(^, the fluid was slightly opalescent and cytodiagnods 
d(*monstrat(Hi the prest^nce of many polynuclear leucocytes. In 
a case of suppurative cerebrospinal meningitis following postero- 
sufK^rior mastoid ceUulitis, the fluid obtaimnl by puncture waa 
found to lx» cloudy and to contain pncuinoeoeci (103). 

Lumbar punrtun* prrfonmil on a patient sufi'ering from men- 
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ingitis developing a month after mastoid abscess, yielded 4 to 
5 c.c. of fluid in which cytodiagnosis demonstrated the presence 
of formed elements, while bacterial cultm^es proved negative. 
In the majority of cases of purulent meningitis of otitic origin 
Chavdsse and Mahu claim that the diagnosis is facilitated by the 
determination, first, of a cloudy fluid, and second, a cloudy fluid 
with predominant polynuclear leucocytes. In one of the cases 
observed by Lichtheim the fluid was not cloudy, notwithstand- 
ing an extensive basal meningitis; in another the fluid was 
cloudy, but did not contain any polynuclear leucocytes. 

Turbid fluid without bacteria or hyperleucocytosis is men- 
tioned by Heinike (104) as occurring in one of his cases. 

Lumbar puncture practiced on a child with chronic mastoid- 
itis, complicated with a disease whose clinical picture was that of 
leptomeningitis, yielded a clear fluid under moderate pressure 
in which the microscopic examination after centrifugation 
showed neither corpuscles nor micro-organisms. Agar cultures 
remained sterile. Autopsy, however, demonstrated suppurative 
leptomeningitis with a turbid fluid in the ventricles. {Witte and 
Sturm (105).) 

Grossmann (106) had results from puncture in one case which 
would have led him to the diagnosis of diff'use meningitis, but 
notwithstanding his findings, he operated upon the case and the 
symptom-complex cleared up entirely; in another, a case of 
general otitic sepsis, the fluid was cloudy and contained pus 
elements, but upon autopsy no meningitis was demonstrable. 
This last case is hardly one from which to draw inferences as to 
the diagnostic value of the puncture method, as I believe that 
when a general sepsis supervenes, whether it comes as a compli- 
cation of middle-ear disease or after surgical measures, if ad- 
vanced to any extent, all the fluids of the body will give evidence 
.of pus elements. 

Cohen (107) insists that the fluid is almost always abnormal 
in suppurative meningitis provided the puncture is not under- 
taken too early in the course of the disease. 

Obliteration of the connecting passage between the spinal and 
the cranial cavities is assumed as an explanation of the normal 
fluid withdrawn by puncture in a case of meningitis, which 



324 THE SURGERY OF THE ERA 

diagnosis was confirmed by autopsy by Archard and Lavbry 
(108). 

In cases of posterior-basic meningitis among children, Kop- 
lik (154) does not always find the puncture successful in evacu- 
ating fluid. Occasionally he secured dry taps because of the 
closure of the foramen of Magendie by exudate and because of the 
matting together of the spinal canal in the vicinity of the cere- 
bellum and pons. This latter finding occurred to such an extent 
that it prevented the flow of the subarachnoid fluid from the 
subarachnoidal space and ventricle of the brain into the space 
of the cord. He finds the puncture of only negative value as far 
as diagnosis was concerned in cases of hydrocephalus following 
posterior basic meningitis. He obtained only a sterile fluid. Of 
six cases of posterior-basic meningitis, younger than two years of 
age, one gave a negative result from puncture ; another, although 
presenting a typical clmical picture, gave but little fluid upon 
puncture, which was found to be sterile; a third gave the 
meningococcus; the fourth gave the meningococcus upon the sec- 
ond puncture ; the fifth case gave meningococcus, and the sixth 
case, which developed hydrocephalus while under observa- 
tion, gave as much as 250 c.c. of fluid at one puncture without 
micro-organisms. 

Koplik reports the fluid as being cytologically similar to that 
found in tubercular meningitis. The fluid contained mono- 
nuclear leucocytes. Such a finding, according to this obser\Tr, 
is characteristic of chronic cerebrospinal meningitis. 

Regarding Koplik' s findings, the puncture fluid in the majority 
of his cases, gave the polynuclear picture in addition to micro- 
organisms. 

StraiLSs (109) also accounts for these peculiar observations by 
the occlusion of the foramen of Magendie by the inflanunatory 
exudate. 

In cerebral or cerebellar abscess uncomplicated by other affec- 
tions, intercranial in their nature, or by sinus thrombosis, diffuse 
or circumscribed meningitis, the fluid is, as a rule, normally 
clear, without organisms, and yielding no coagulum. After cen- 
trifugation Lermoyez (110) found the clear fluid to be normal. 
The quantity of the fluid may be altered by the existence 
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of sinus thrombosis, but it generally remains clear. {Laurens 

(111).) 

Constade (112) noticed a dripping evacuation, drop by drop, 
of a clear fluid from a child eleven years of age who died of lateral 
sinus thrombosis confirmed by autopsy. 

A circumscribed suppurative meningitis may present the same 
symptoms as the diffuse form of the disease, and here lumbar 
puncture is quite apt to yield a normal negative fluid. Where 
there are symptoms of circumscribed otitic meningitis Grunert 
(113) points out the eventual existence of a circumscribed otitic 
meningitis proper. According to Hinsberg (114) a clear and 
sterile fluid does not absolutely contraindicate a circumscribed 
inflammatory focus. Koemer (115) believes that a slightly 
turbid fluid with bacteria may be found as well in diffuse as in 
circumscribed meningitis, and that there may be circumscribed 
meningitis with a clear fluid without pus elements or micro- 
organisms. 

Lannois and Armand (116) report a case of cerebellar abscess 
by extension from a suppurating labyrinth, complicated by a 
localized meningitis, in which they withdrew by puncture thirty 
to forty grams of slightly turbid fluid which, after centrifuga- 
tion, showed many polynuclear leucocytes with indistinct and 
faintly stained nuclei, and a few mononuclear leucocytes but no 
lymphocytes. 

In pachjrmeningitis, intradural abscess, and extradural sup- 
purations the fluid may retain its normal composition; thus, 
Braunstein made several observations concerning extradural 
lesions, even when complicated with cerebellar abscess, in which 
the puncture yielded a clear and normal fluid, and Laurens (117) 
withdrew transparent fluid from a case of extradural abscess 
with pachymeningitis of otitic origin. On the other hand, 
Berstelmann (118) obtained cloudy fluid with deposits of many 
leucocytes and a few fine specimens of the diplococcus intra- 
cellularis from a case of extradural abscess which terminated in 
recovery after surgical interference. The composition of the 
fluid may eventually be accounted for by the existence of a 
slight cerebrospinal meningitis. 

In cases of intradural abscess lumbar puncture may yield a 
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clear fluid without leucocytes or micro-organisms or formed 
elements, as shown by cytodiagnosis (Leviert). 

Bacteriological and cytological examinations have not given 
much information on the subject of the various forms of serous 
meningitis, as observed with special frequency in infancy aaci 
childhood and so frequently confounded with cerebral abscess 
(Broca and Laurens (119), Leyden (120), Hegener (121), sjm^ 
Boenninghaus (122).) 

Of the various forms of ear disease the simple mastoid aflF c ^ 
tions are the only ones which do not cause a modification of ttz^ 
cerebrospinal fluid. This should be kept in mind because of tl 
existence of certain morbid conditions simulating or complicatii 
this car disease. 

I cannot complete the study of the diagnostic possibilities - 
lumbar puncture without touching upon a series of sympton^BK 
to which the name "meningismus" has been applied. 

There are a series of symptoms occasionally observed in tKn 
course of suppurative middle-ear disease, especially in childre^-i^, 
but occasionally in adults, which simulate either simple or tulx^T- 
culous meningitis and brain abscess. In these cases no inflain- 
matory lesion is supposed to exist, and to this symptom-complex 
the term *'meningismus" is restricted. It does not include tie 
serous forms of meningitis. (Dupre (123), GeUe, Massin, Cha- 
vasse (124).) 

For the development of meningismus, hysteria and neuras- 
thenia have been held accountable, and Lermoyez has attributed 
it to reflex symptoms from a suppurative inflammation of the 
labyrinth. Dopier (125) has observed meningismus in cases of 
typhoid fever. 

In true meningismus, which is simply the manifestation of 
functional trouble without implication of the serous membranes, 
the cerebrospinal fluid is normal, according to Widal and 
Lamouroux (126). 

In two cases of labyrinthine disease, both females, in whom 
no hysterical elements were demonstrable, the fluid withdrawn 
by puncture flowed without heightened tension, was clear 
and contained no formed elements {Chavasse and Mahu). 

In ear disease, acute non-tuberculous meningeal inflammations 
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are of frequent occurrence, and according to Netter (127) the 
milder and non-purulent forms may retrocede rapidly without 
leaving traces behind them. In these cases lumbar puncture 
will yield a clear and apparently normal fluid, which after stand- 
ing some hours presents scanty flakes of fibrin and may contain 
albumin and some pneumococci. 

Merkens, Brieger, and Koemer admit the possible occurrence 
of a serous meningitis due to a penetration of toxins from a sup- 
purative otitic focus to the meninges. The toxin of the pneu- 
mococcus circulating in the blood has been held responsible for 
the development of the condition by Belfanti and Hutinal 
(128). 

Cerebrospinal fluid then is seen to be normal in composition in 
labyrinthine disease and in meningismus, while in brain abscess, 
lateral sinus thrombosis, and non-bacterial serous meningitis it 
may be clear and normal, but it is often increased in amount 
and generally flows under heightened pressure. 

The conflicting observations obtained from diffuse meningitis 
may in a measure be accounted for by the fact that in certain of 
their cases the differential diagnosis between diffuse, simple, 
tuberculous, and non-tuberculous meningitis and meningismus 
had not been made, especially the differential diagnosis between 
diffuse meningitis and the condition known as meningismus. 
Reading certain results obtained by puncture one is inclined to 
believe that the observer was dealing with meningismus rather 
than with a meningitis proper. Taking those cases where there 
was present a clear and normal fluid, and in which the diagnosis 
was not confirmed by autopsy, and classifying them under the 
heading "meningismus," the diagnostic data reads clear and 
distinct. 

In summing up the diagnostic possibilities of lumbar puncture 
we are inclined to believe it a measure of great value, especially 
when undertaken rather to clear up doubtful diagnoses than to 
substantiate probable ones. The data obtained should invaria- 
bly be considered with the clinical evidence of the disease, and 
where the question involved is one as to whether or not surgical 
interference should be undertaken, it is well to give the patient 
the benefit of the doubt. 
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IL As a Therapeutic Measure : In 1891 Quincke (1), after 
extensive experimentation on dogs and rabbits, performed the 
first original operation of lumbar puncture on a patient — a child 
two years old — for the purpose of relieving a fresh hydrocephalic 
effusion, with pressure symptoms, by means of withdrawing 
cerebrospinal fluid. The puncture was repeated three times at 
intervals of several days, resulting in an almost complete recov- 
ery of the patient. 

The lucky outcome of his brilliant venture encouraged the 
surgeon to further experimentation, and he published his results 
in an article on the physiological and pathological conditions of 
pressure on the cerebrospinal space, as well as the physical and 
chemical constitution of the fluid withdrawn by puncture, in 
various conditions of the disease (2). It was not long before 
Quincke had performed the operation twenty-two times on ten 
individuals (3). 

While Quincke had had a fair proportion of therapeutic suc- 
cess, lAchtheim (4), working at Koenigsberg, reported on a series 
of spinal punctures performed by him without relief to the 
patients. Even very pronounced sjrmptoms, in cases of brain 
tumor, were not even transitionally relieved by the withdrawal 
of very large amounts of cerebrospinal fluid (80 cm.). Notwith- 
standing these negative results Ldchtheim believed that lumbar 
puncture possessed diagnostic value. 

The experience of Ziemssen (5) with Qaincke^s pimctiu^ was 
favorable in so far as he observed improvement of pressure 
symptoms after the operation, especially finding relief from 
oppressive headaches. He pointed out the advantage of utiliz- 
ing the cerebrospinal fluid thus obtained for admixtiu^ with 
medical agents. 

Wyss (6) reported a case of hydrocephalus in a child eight 
months old improved by six ventricular and one lumbar punc- 
ture, and Dennig (7) obtained post-mortem a large quantity of 
tubercle bacilli by means of spinal puncture from a case of tuber- 
culous meningitis. 

The finding of tubercle bacilli has frequently been duplicated, 
notably in the remarkable case of tuberculous meningitis ending 
in recovery reported by Freyhan (8). 



LUafBAR PUNCTURE 329 

After 1895 professional interest became more general, and the 
subject of limibar puncture came up for discussion at various 
congresses and lectiu*es (9). 

While Ziemssen pointed out the advantage of mixing the cere- 
brospinal fluid with medical agents in 1893, the first observer to 
replace the spinal fluid by a medicated one or a serum was 
Chipavlt (10), 1897, although cocaine had been introduced into 
the spinal canal (cauda equina) by Leonard Coming (11), an 
American neurologist, ten years before Bier, the German phy- 
sician, to whom the claim for priority for " medullary anesthesia '^ 
is generally conceded. 

Broadly speaking, Imnbar puncture affords two ways of thera- 
peutically influencing a given lesion: 

1. By affording a road for the introduction of medicaments 
into the spinal canal, and from there to the cranial cavity, with 
the idea of producing a resultant action directly upon the cranial 
or spinal lesion. 

2. As a means of producing favorable therapeutic action by 
withdrawal of excessive amounts of fluid, thus relieving pressure, 
and also simultaneously with the withdrawal of the fluid, bring- 
ing about the removal of causative foci of disease. 

In the application of the first-named principle of lumbar 
therapeutics many drugs have been employed. Sterilized air 
{Weill), sodium salicylate {CaiJle), potassium iodide, iodoform, 
and antitetanus scrum are some of many which have been found 
of use by various observers. The idea of a direct action on the 
meningeal lesion has not been generally successful from the prac- 
tical standpoint; the greatest success has attended the irttro- 
duction of the antitetanus serum, and at that this is by no means 
universally favorable. In tuberculous lesions the idea was par- 
ticularly popular, but the therapeutic success doubtful. 

The second therapeutic principle, the idea of producing a 
favorable therapeutic result from the withdrawal of spinal fluid, 
has brought forth wide divergence of opinion. We will study 
some of these opinions in detail. 

The therapeutic value of lumbar puncture in meningitis has 
the endorsement and recommendation of many able observers; 
thus Quincke (12) finds it useful in cases of serous and sero- 
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purulent meningitis, a result which Goldscheider (112) and 
Oppenheimer (38) confirm from their own experience. 

Its good effects in this condition are due to the relief of inter- 
cranial pressure. {Osmond Goldan (13).) On the other hand, 
Stockton (14) and Brovming (15) are not so positive in their 
claim for it in these forms of meningitis; they believe it of thera- 
peutic value provided the first puncture gives good results, then 
they recommend its frequent repetition. 

Kohts (16) reports lumbar puncture as having positive curative 
virtues in suppurative cerebrospinal meningitis, while Dondh 
(17) only points out its sedative action in this condition. 

In serous meningitis secondary to the exanthemata in chil- 
dren Wertheimer (19) reports most favorably on its therapeutic 
virtue. Friedrich (139), in his recently published book, dis- 
cusses the forms of operative interference in purulent meningitis 
inclusive of the method of repeated lumbar puncture, followed by 
injection of physiological salt solution for the evacuation of pus 
from the spinal canal. He, however, makes a counter-opening 
into the cranial cavity to secure free evacuation of the purulent 
exudate. 

The use of lumbar puncture in tuberculous meningitis has 
many adherents. It seems to have a sedative and analgesic 
effect, relieving the somnolence, and for a time even the coma 
(Kohts) J while its action in relieving the intensity of the pain 
has also received favorable notice. Marfan (18) would limit its 
application to those cases of tuberculous meningitis where pres- 
sure symptoms develop along with incipient coma and hypcr- 
pyrfexia, accompanied by loss of sensation, muscular flaccidity, 
and pupillary dilatation. Marian (20) unqualifiedly recom- 
mends its use in tuberculous meningitis. 

An uncertainty of opinion exists among these various observ- 
ers as to the relief which the measure affords to hyperdistention 
of the cerebrospinal fluid in this form of meningitis. 

Francis Huber (21) is of the opinion that the therapeutic effect 
of lumbar puncture is a great one, and he uses it as a therapeutic 
measure in otitic serous meningitis, the cerebrospinal type of 
typhoid, and also in cerebrospinal meningitis. 

In addition to the relief of pressure symptoms lumbar puncture 
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serves to evacuate with the spmal fluid the larger part of the 
agents of suppuration, microbic and toxic, which have pene- 
trated into the subarachnoidal space. It induces the secretion 
of a new cerebrospinal fluid which may be stronger in active bac- 
tericidal powers. {Brieger (133), PiUagot (134), and Hand 
(135).) 

Originally designed by Quincke for the relief of hydrocephalic 
effusions, many observers have since confirmed his early results. 
Marian (20), Bokey (22), Pfandler (23), Kohts (16), and others 
have reported favorably in regard to its therapeutic value in 
cases of hydrocephalus, Marian, especially, holding the belief 
that its practice conduces to spontaneous recovery of the patient. 
According to these authors its results have been theoretically 
accounted for and practically demonstrated {Pfandler). 

The procedure has been recommended to the general practi- 
tioner, especially to those interested in pediatrics. In hydro- 
cephalus, complicated by spina bifida, Kohts obtained good 
results; Bokey reports its curative effect in hydrocephalus sec- 
ondary to meningitis. In one case of chronic hydrocephalus all 
the symptoms disappeared after eight months, during which 
time eleven punctures had been made, withdrawing in all about 
283 cm. of the fluid. A second case, although dying from an 
intercurrent disease, was much improved. Concetti (24) finds 
a palliative action the only one to be expected in chronic hydro- 
cephalus. 

Gradually the boundaries of the therapeutic indications for 
lumbar puncture were widened, and we find it recommended for 
the alleviation of the pains of chronic neuralgia secondary to 
zona by Abadie (25), who obtained excellent results in three 
cases of neuralgia accompanying humoral zona and zoster. He 
found that the evacuation of 19 to 20 cm. of fluid served to relieve 
the pain. According to him the curative effect is to be sought 
for in the return of the pressure — spinal and intracranial — to the 
normal after hypertension because of the cerebrospinal fluid. 

In headaches secondary to syphilis Campbell (26) found the 
puncture of excellent use. While Pfandler holds that the relief 
of symptomatic headache justifies its employment in this condi- 
tion, the headaches of chlorosis are said to be almost immediately 
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relieved by the abstraction of 30 to 60 cm. of spinal fluid. 
{Wertheimer (19).) Lenhartz (28) reports eight such cases, seven 
improved. 

On the other hand, Milan (27) brings contra-evidence of its 
success in syphilitic headache. He used the puncture in a case 
of a young woman and withdrew only 6 to 7 cm. of fluid, yet the 
sjrmptoms were aggravated to an excruciating degree, and there 
developed nausea with uncontrollable vomiting and accompanied 
by a thready pulse, leading to the classical picture of fatal 
syncope. This symptom-complex cleared up within a week. 

The headaches of Bright's disease were treated and improved 
by means of lumbar puncture by Pierre Marie and George 
GuiUian (131). Furthermore, Schert states that the procedure 
brought instantaneous, though only temporary, relief with dim- 
inution of the oedema, and a clearing of consciousness in a case 
of uraemia. Sieffert (31) also reported favorably on the effect 
produced by the puncture in cases of lu-semia following scarla- 
tinal nephritis. He believes the procedure a valuable adjunct 
to other therapeutic measiu'es in this condition. Legendre (137) 
is also among those who had successful therapeutic results in 
uraemia, while Legrain and Guyard (138) always obtained relief 
from headache and seciu'ed sleep by means of the pimcture 
repeated at intervals of from a fortnight to a month in a patient 
aged fifty-six years suffering from chronic nephritis. 

Among those inclined to place a therapeutic value on the punc- 
ture in cases of uraemia are Quincke, Furbringer, Lichtheimy and 
von Leyden (120). 

Finally, the headaches of chronic satiunine intoxication of the 
nervous system have been relieved and cured by means of the 
puncture at the hands of Seegelken (153). 

In affording relief to the lightning pains of tabes, especially 
during gastric crises with painful vomiting, Donaih (29) was suc- 
cessful. Joseph Fraenkel used it successfully in seven such 
cases. He also found the puncture useful in diminishing the 
frequency and violence of epileptic attacks. Koranyi (30), how- 
ever, only expects palliative results in epilepsy; he does not 
expect a ciu-e. 

Good results from lumbar puncture have also been observed in 
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Huntington* 8 chorea, cerebral venous hypersemia, and, spastic 
torticollis (Donath). 

Nor are these all the conditions where the puncture has been 
found of therapeutic value. In the treatment of meningeal 
oedema following traumatism it has proved useful {Lenhartz), 
and in cases of hemorrhage in the cord, the spinal punctures in 
the hands of Strauss (32) again demonstrated its usefulness. 
This author would restrict spinal puncture to those cases which 
occur in previously healthy persons where the hemorrhage 
resulted from traumatism. 

Goldscheider (33) had favorable results from the puncture in 
two cases of small brain tumor situated at the base of the brain. 
Similar good results in this condition are reported by Kohts (two 
cases), while Masing (39) cautions against the employment of 
the puncture in cases of brain tumor, and relates the following 
case in point from his experience: The patient's condition was 
diagnosticated as a brain tumor, and the puncture was under- 
taken and 30 cm. of fluid withdrawn. During the operation there 
was nausea, later restlessness and vomiting, and finally death 
followed in fifteen hours after the operation. Autopsy showed 
extensive recent hemorrhage in the right temporal lobe, the 
wall being formed by a gliosarcoma (demonstrated per micro- 
scope) with central softening. 

Of interest to otologists are the reports on the value of lumbar 
puncture in the management of dry otitis media, with its accom- 
pan3ang tinnitus; thus we find that Luminean (34) abstracted 
small amounts of spinal fluid, a procedure which he characterized 
as perfectly safe, to obtain relief in cases of cicatricial otitis — the 
dry form of otitis. He obtained relief from the annoying tinnitus 
and vertigo of labyrinthitis and its complications. His results 
were generally good. He even goes so far as to claim a "cure" 
for the tinnitus. Mignon (35), on the other hand, claims to have 
observed an effect only in cases suffering from labyrinth troubles, 
secondary to an excess of pressure in the fluid of the internal ear. 
He obtained relief and cure of the vertigo and tinnitus in four 
cases under his observation. Occasionally he was able to ob- 
serve a slight improvement in the hearing power, which he 
believes due more to the timely interference than to any other 
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cause. On the other hand, Lombard and Caboche (36) have not 
had a smgle case of absolute cure among seven cases of dry otitis 
media with tympanic adhesions accompanied by deafness, tin- 
nitus, and vertigo. The latter symptom was the one most 
favorably influenced by lumbar puncture. The last-named 
authors claim to have failed to establish any relationship be- 
tween the improvement noted and the intraspinal pressure at 
the time of puncture. They noted the most favorable results in 
those cases where the patient presented marked vasomotor 
symptoms of the head and face. 

Babinski (37) recommends rachicentesis as a therapeutic 
measure in the management of ear affections, more especiafly 
in auricular vertigo. He advocates the systematic adoption of 
lumbar puncture in the management of all chronic ear cases. 
Certainly, his remarkable curative results in treatment of ear 
affections — deafness, tinnitus, and auricular vertigo — ^merit the 
very serious attention of ear surgeons to this modem method, 
the effect of which he has demonstrated as infinitely superior to 
all and everything tried so far for the relief of dry, chronic, mid- 
dle ear disease. He treated eight cases with excellent results. 
In several cases the psychic condition brought about by the ear 
disease improved at the same time. The power of hearing was 
very favorably influenced in a few instances, the good effects 
remaining fairly permanent, in one case over three months and 
a half at the time of the report (130). 

The rachicentesis recommended by Babinski in the manage- 
ment of ear affections, more especially of auricular vertigo, was 
tried by Tretrop with fortunate results in the treatment of deaf- 
ness due to labyrinth trouble alone or complicated with other 
lesions of the hearing apparatus. The vertigo was the s3rmptom 
most favorably influenced, next the tinnitus, and finally the 
deafness. 

Tretrop (129) endorses the method for cases of deaf-mutism, 
especially when careful examination has demonstrated some 
remaining power for the perception of hearing in the internal 
ear. As to the dangers or contraindications of lumbar puncture 
in these conditions, Babinski says ** presenting no dangers, and 
not exposing the patient who submits to it (the puncture) to an 
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aggravation of his trouble, rachicentesis should be tried where 
there is no special contraindication in all patients suffering from 
auricular trouble rebellious to the various methods of local treat- 
ment." I cannot but think with Tretrop that this conclusion is 
too general, and suggestive of rather more than was meant by 
the author. Taking him literally, one would naturally proceed 
to puncture a goodly number of patients, the more so since he 
does not state after what length of time local treatment should 
be considered inefficient. In selected cases for the relief of ver- 
tigo and tinnitus there certainly appears to be evidence at hand 
that the procedure is of benefit, and occasionally the deafness 
has been improved to a considerable extent. 

The manner in which these results are brought about must as 
yet be considered an open question. The changes produced in 
pressure in the internal ear fluids and the effect these may have 
on the disease have not yet been sufficiently established to war- 
rant the formation of a theory. A favorable result in deafness 
should not invariably be expected, certainly not in cases where 
the labyrinth is destroyed. 

Dangers of the Lumbar Puncture: Besides the opinion of 
many that the lumbar puncture has no very marked value, 
among whom DasMwicz-Korybvi (40), Stadelman (41), Ossipow 
(42), and Braunstein can be counted, there are quite a few ob- 
servers who believe the procedure a dangerous procedure. The 
cases recorded by Furbringer (43), Broca (44), Prouf (45), Masing 
(39) , Mathers (50) , and others are evidence of death caused directly 
by the puncture. MUian (46) holds the procedure responsible 
for the aggravation of the headaches and nausea. He observed 
signs of syncope, and interprets these as sequelse due to dis- 
turbances in the balance of osmotic tension and pressure in the 
cerebrospinal fluid. Joseph Fraenkel (51) noted headache and 
nausea following the performance of lumbar puncture, but he 
was able to control the symptoms by saline injections. 

Other observers, Heine (47), Grossmann (48), Lenhartz, 
Quincke, Nisei, and Kroenig (49), while not holding the opinion 
that the operation is dangerous, still do not believe it an indiffer- 
ent procedure. The concensus of opinion seems to be that the 
danger is lessened by the avoidance of aspiration of the fluid, 
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permitting it to come away in a spontaneous flow, and that the 
operation should be performed while the patient is in a lying 
posture. 

In contradistinction to these views Chauffard and Boidin (52), 
in a recent publication, dwell upon the great diagnostic value of 
the puncture, and consider it a safe means of interference capable 
of rendering most efficient assistance. Gordon (53), Kohts (16), 
and Conner (54) coincide with their opinion. 

In summing up the question of the dangers from this pro- 
cedure one must take a conservative position ; that it has caused 
death is undeniable; a horizontal posture lessens the danger, and 
aspiration of the fluid is to be absolutely condemned. The pro- 
cedure is contraindicated in cases of vascular sclerosis and aneu- 
risms of the cerebral vessels in all acute and chronic affections of 
the central nervous system without pressure symptoms arising 
from the spinal fluid, the more so since the cerebral vessels are 
secondarily implicated in many of these diseases. The possi- 
bility of cerebral hemorrhage should always be kept in mind, 
especially when withdrawing large amounts of fluid. Small 
hemorrhages represent no danger to life; they may, however, 
exercise an unfavorable influence on the patient ^s future well- 
being {Ossipow). 

in. As a Procedure to Produce Ansesthesia : The term 
*' medullary anaesthesia," or *' spinal anspsthesia," was first used 
by Bier (140) and Braun (141) for the insensibility resulting 
from an injection of a cocaine solution into- the spinal canal; 
the ultimate cause of this anaesthesia being an interruption of 
the nervous continuity in the lumbar space, and also of the spinal 
nerve roots. 

Twenty years ago Coming (11), the originator of the idea of 
influencing the spinal marrow (the nerves of the cauda equina) 
by means of directly applied medicaments, discussed irrigation 
of the Cauda equina with medicinal fluids, referring also to the 
effects of cocaine on the cauda and its eventual surgical bearing. 

The subject in general, and his work in particular, attracted 
little attention until Bier published his article in 1899 on "Med- 
ullary Anaesthesia." Quincke (2) perfected the technique of 
lumbar puncture, and Sicard demonstrated the analgesia result- 
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ing as an effect of cocaine injections into the spinal canal of 
dogs (142). ChipauU (143), Jahoulay (144), Jacob (145), and 
others insisted upon the harmlessness of subdural injections of 
medicinal agents. 

Led by Tuffier (146), French surgeons were universally and a 
little prematurely enthusiastic on the subject of medullary 
anaesthesia. 

The not mfrequent du-ect and remote untoward results caused 
authorities like MikuV^ (147) and others to abandon medullary 
anaesthesia after having given it a fair trial. 

Guinard (148) first recommended the cerebrospinal fluid itself 
as a solvent for the ansesthetic (cocaine) in order to prevent the 
meningeal irritation resulting from the physical or chemical 
effects of the watery solution which had up to this time been 
used. The same idea had occurred to Kozlowski (149), and both 
these observers soon reported favorably on the results of their 
improved technique and medication. The otherwise frequent 
untoward sequelae of lumbar anaesthesia were absent in all the 
latter's cases. 

It is a noteworthy fact, according to Braurtj that old, anaemic, 
and weak patients remained remarkably free from untoward 
accidents, standing grave and protracted operations without any 
impairment of their general condition. According to Morris, 
lumbar suprarenin-cocaine injections have never been observed 
to cause rise in the blood pressure. In some cases the blood 
pressure remains unchanged, in the majority of instances it falls 
more or less, most markedly in those cases in which the well- 
known side effects present themselves and go on to slight col- 
lapse-, with abundant perspiration, nausea, and vomiting. Mot- 
ris made this observation in nine out of fifty cases. 

Without going into detail it suffices to say of medullary anaes- 
thesia that the enthusiastic endorsement accorded it at its intro- 
duction into this country some few years ago is on the wane. It 
is still a valuable procedure in selected cases, but many operators, 
both here and abroad, have abandoned and condemned it. 
Deaths occurred directly attributable to the lumbar anaesthesia 
and to the intoxication from the drugs used. 

To modify the phenomena of intoxication. Bier recommended 
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a combination of cocainization with an artificially induced con- 
gestive cerebral hyperaemia. The idea is based on the well- 
known fact that the cerebrospinal fluid is rapidly drawn into the 
spinal canal when space is encroached upon. A congestive 
venous hyperaemia will artificially produce such an encroach- 
ment. Before the injection of cocaine (or B. eucaine) a bandage 
is placed so tightly around the neck that it becomes cyanotic, 
and leaving the bandage in place for some time after operation 
so as to circumvent the danger of a sudden flow of the cocame 
into the brain, together with the cerebrospinal fluid. 

The Technique of Lumbar Puncture : The instrument em- 
ployed to make the puncture is the Quincke needle. These 
needles are procurable in three sizes, of different lengths and 
diameters. Each needle is fitted with a stilette to aid its intro- 
duction. The length of the Quincke needle is from four to t^n 
centimeters, with diameters from 0.8 to 1.6 millimeters. The 
point of the needle is bevelled at an acute angle terminating at 
a sharp point. 

Heiman (157) advocates the use in addition, of a monometer 
for the accurate estimation of pressure. He uses a monometer 
tube, fourteen centimeters long with a diameter of 2.5 milli- 
meters. 

The position of the patient is important in order to carry out 
the technique of the procedure easily. 

The patient should be placed on his side, with his back gently 
curved so as to effect as great a separation of the vertebral 
bones as possible. 

Bamhill and Wales (158) advocate puncturing between the 
third and fourth lumbar vertebrae. ChipauU penetrates into the 
lumbosacral space, while BaUance (159), and others reconunend 
the space between the fourth and fifth vertebrae. We prefer the 
latter region, as it is easily located because of unvarying guiding 
landmarks. 

The space between the fourth and fifth lumbar vertebrae cor- 
responds to the place where a line when drawn from the highest 
point on the iliac crests bisects the spinal column. (See Fig. 66.) 

The skin of this region is rendered surgically clean. The 
needle and other instnunents are sterilized. 
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Placing the needle with its contained stilette at the level of 
the line of the upper margin of the iliac crests where it crosses 
the spinal column, about f to 1 inch of either side of the spinous 
process, it is gently and steadily pushed inward and upward at 
an angle of about 10° from the horizontal. 

Occasionally, as the needle is introduced, it impinges against 
the transverse process, or the inferior articulate process of the 
vertebra. A slight manipulation of the needle, upward or side- 




FiQ. 66. — LowBR Portion of Spinal Column. 

A-B, Line from Highest Parts of Iliac Crests Bisecting Spinal Column. 
Arrow Shows Puncture Spot. 

ways, causes the passage of the needle to the side of the obstruc- 
tion, to find entrance in the spinal foramen. 

The depth to which the needle must penetrate varies in differ- 
ent patients. 

This depth averages for children from two to four centimeters, 
and for adults from four to seven centimeters. 

Heiman has devised a safety guard for the needle. This he 
places in position at the estimated distance from the points 
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before introducing the needle. Thus he prevents too deep pene- 
tration of the needle. 

Lumbar puncture is not a painful procedure. General 
anaesthesia is not necessary. Locally a spray of ethyl chloride 
suffices to render the puncture of the skin absolutely painless. 

The needle introduced, the stilette is withdrawn. A flow of 
cerebrospinal fluid follows. If the pressure is to be estimated, 
the monometer is attached, and the height of the fluid read off. 
The fluid is caught in sterilized test tubes for further examina- 
tion. 

Upon removal of the needle, the site of puncture is covered 
with a small sterile, and a strap of adhesive plaster. 
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CHAPTER XIV 

VENTRICULAR PUNCTURE 

There are many cases of serous meningitis on record which 
follow otitic disease. Upon the establishment of drainage such 
cases are usually cured. They occur mostly in young children, 
and, because of the severity of their symptoms, a search of the 
dura is usually undertaken to locate some pus accumulation. 

In the majority of these cases, nothing in the nature of an 
actual meningeal lesion is macroscopically demonstrable. The 
brain symptoms are usually due to increased tension, produced 
by the pressure of cerebrospinal fluid in the ventricles or in the 
subarachnoid spaces. 

The treatment of the condition demands the absolute removal 
of the causative disease in the temporal bone, exposure of the 
dura, and, if necessary, its incision, and finally^ lumbar punc- 
ture repeated as indicated. In addition, the lateral yentricle 
may be tapped through the mastoid wound, or through the small 
fontanelle. 

The exposure of the dura^ its incision and lumbar puncture, 
have been described in their respective chapters. It remains 
briefly to complete the procedures by a description of ventricular 
puncture. 

In infants, after paracentesis, if symptoms are urgent, the ven- 
tricle may be reached through the small fontanelle. The side 
angles of the fontanelle are chosen as the point at which to intro- 
duce the needle. The needle is cautiously introduced in a side- 
ward direction, and in distention of the ventricles — they are 
rarely missed. 

In cases of serous meningitis, due to otitis, however, the pri- 
mary foci of disease in the temporal bone having necessitated 
operation, it seems wiser and also more advantageous to enter 
the ventricle from the mastoid wound cavity. 

348 



VENTRICULAR PUNCTURE 349 

The tegmen is exposed and opened. The dura is laid free, 
and the needle introduced* directly through this membrane, 
inward and upward, to a distance of about 4 to 6 cm. In many 
cases, it is found advantageous first, to incise the dura, and then 
to puncture through the brain substance. The latter procedure 
has the added advantage that it drains the subdural space. 

Ventricular puncture has been advocated by Bonninghaus (1), 
J arisen (2), R, Mailer (3), Hammerschlag (4), and others, and 
has a distinct place in otological surgery. See Fig. 60 for 
landmarks. 
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treatment of the cavity, 290 
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Cerebral abscess, differential diagnosis, 
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differential diagnosis from laby- 
rinthitis, 280 
operation from mastoid cavity, 

287, 288 
operation from exterior of skull, 
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treatment of cavity, 290 
Character of causal lesion in brain 

abscess, 270 
Chemical examination of lumbar punc- 
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Choice of plastic flap operation, mas- 
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Classification of aural polyps, 35 
Classifications of intratympanic adhe- 
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meningeal lesions, 240 
middle ear disease, 17 
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Cortex perforation, in subperiosteal ab- 
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Dangers of exploratory myringotomy, 
42 

division of intrat3rmpanic adhe- 
sions, 47 

jugular resection, 229 

lumbar puncture, 335 - 
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radical mastoici operation, 131, 
132, 133, 134, 135, 136 
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Indications for exploratory myring- 
otomy, removal of aural polyp, 
37 
resection of internal jugular, 219, 

220, 221, 222, 223 
simple mastoid operation, 78, 83 
test puncture of lateral sinus, 216 
Infants' and Childs', mastoid process, 
104 • 

middle ear, 103 

radical mastoid operation on, 146 
simple mastoidectomy, 101, 107 
Inflammations of the external auditory 
canal, 9 
middle ear, otoscopic picture, 18 
the external surface of the dura, 
240 
Inner wall of tympanic cavity, 129 
Internal jugular vein, anatomy, 206 
ligature, resection, 219, 220, 221, 
222, 223 
Intradural abscess, historical, 249 
dangers of operation, 250 
the operation, 249, 250 
Intrameatal operation for acquired 
atresia, 6 
removal of exostosis, 8 
Intrameningeal abscess, 241 
Intratympanic adhesions, conclusions, 
47 
dangers from division, 47 
division of, 46, 47 
Introductoi^ to operations to improve 

hearing, 41 
Instruments for mastoid surgery, 87 

paracentesis, 28 
Involvement, meningeal, classification, 

240 
Iodoform dermatitis, 120 



Jugular thrombosis, bibliographical ref- 
erences, 235 
Jugular vein, internal, after effects of 
resection, 229 
anatomy, 206 
dangers of resection, 229 
the resection of, 226, 227 
results of operation on, 232 
topography, 208 

untoward sequels from operation, 
232 



Kerrison forceps, 140 

Kdmer's plastic flap operation, 157 



Labyrinth, anatomy, 182 

operation, after-treatment, 200 



Labyrinthine, operation, bibliographi- 
cal references, 202 

counter indications, 190 

Hinsberg operation, 197-198 

indications for, 186, 187, 189 

operation, 191 
Labyrmth operation, operative find- 
ings, 199 

results from, 201 

Richards' operation, 192, 193 

Richards' operation, technical 
points, 195 

suigical landmarks, 184, 185 

value of, 200 
Labyrinthitis purulenta, differential 
diagnosis from cerebellar ab- 
scess, 280 
Labyrinthine surgery, 182 

historical, 182 

wall of tjrmpanic cavity, 129 
Landmarks, surgical, of labyrinth, 184, 
185 

simple mastoid operation, adult, 2 

simple mastoid operation, child, 
105 

surgical, on mastoid process of 
infant or child, 104 
Lateral ligament, 57 

sinus, anatomy, 204 

counter indications for opening, 
219 

dangers of test puncture, 217 

exposed; operation on, 224 

exposed; surgery of, 210 

inaications for opening, 217, 218, 
219 

opening of, 225 

surgery, bibliographical references, 
235 

test puncture, indication for, 216 

topography, 206 
eptomeningitis, 243 

results of operating, 262, 263 

suigery of, 251, 252, 253, 254, 255, 
256, 257, 258, 259, 260, 261, 262 
Ligature of internal jugular vein, indi- 
cations, 219, 220. 221, 222, 223 
Location of lesion in facial palsy. 299 
Lumbar puncture, 309 

bacterial finding, 312 

animal inoculation, 314 

as a means of anssthetic, 336, 337, 
338 

as an aid to diagnosis, 309 

as a therapeutic measure, 328, 329, 
330, 331, 332, 333, 334, 335 

chemical examination of fluid, 316 

coloration of fluid, 311 

cryoscopy of fluid, 317 

cultures from fluid, 314 

cy todiagnosis of fluid, 315 

dangers of, 335 
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Lumbar puncture, differential diagno- 
sis from, 321, 322, 323, 324, 
325, 326 

lymphocytosis of fluid, 315 

polynucleosis of fluid, 316 

pressure of fluid, 310 

significance of findings in, 318. 319, 
320 

technique of, 338 

to relieve tinnitus, 333 

used in dry catarrhal conditions, 
333 
Lymphocytosis of lumbar puncture 
fluid, 315 



Malformations of external auditory ca- 
nal, 4 
Malleus, 56 

Malleus ligament, anterior, division, 25 
Mastoid cells, 73 

a§e changes, 74 
Mastoid operation radical, accidents, 
150, 151, 152 

after-treatment, 161-163 

after-treatment, without tampon- 
ade, 163, 164, 165 

bibliographical references, 179, 
180, 181 

estimates of results, 169, 170 

faults of techniq^ue, 153 

Heath modification of, 148 

hearing after, 171 

indications for, 131, 132, 133, 134, 
135, 136 

modified to retain ossicles, 147 

on* infant and child, 146 

operative findings, 150 

plastic flaps, 154, 155, 156, 157, 
158 

preparation of patient, 139 

results of after-treatment, 165 

unusual happenings during after- 
treatment, 166, 167, 168 

when to operate, 138 

Zaufal's operation, 141 
Mastoid operation, simple, accidents, 
98 

amesthetic, 86, 87 

on adult, 88 

after-treatment, 112, 113 

bibliographical reference, 122, 123, 
124 

blood clot after-treatment, 96, 114 

bone r^eneration, 121 

counter indications, 85 

erysipelas, 118 

faults of technique, 99, 109 

incision for, 88 

on infant, 101 

indications, 78, 83 



Mastoid operation, instruments, 87 

historical, 70 

landmarks in infancy and child- 
hood, 105 

operative findings, 110 

preparation of patient, 86 

results from, 121 

significance of post-operative tem- 
perature, *1 15 

tamponade, 114 

wound complications after, 118 
Mastoid process, anatomical, 72 

anatomy of infants, 102 

of infant and child, 104 

inner table, 74 

operative field in, 17 

simple operation on, 70 

spine of JEienle, 75 

spongy spot, 75 

squamo-mastoid suture, 76 

surface markings and relations, 75 

suigical landmarks, 104 

zygomatic ridge, 75 
Mastoiditis acute, Bezold's, 82 

when to .operate, 84 
Mastoiditis, counter indications to op- 
eration, 85 

Friedlander's bacillus, 80 

subperiosteal abscess, 81 

symptoms, 78, 79 
Meatal operation for atresia, 7 
Membrana tympani, anatomy, 23 

angles of, 24 

division of posterior fold, 45 

form, 24 

quadrants of, 25 
Meningeal involvement, classification, 

240 
Meningeal suigery, bibliographical ref- 
erences, 265, 266 
Meninges, anatomy, 238 

surgery of, 238 
Meningitis, general considerations, 244 

differential diagnosis from brain 
abscess, 282 

otitic lepto-, 243 

results of operation in lepto-, 262, 
263 

surgery of lepto-, 251, 252, 253, 
254, 255, 256, 257, 258, 259, 260, 
261, 262, 

tubercular, 245, 264 
Meningo-enoephalitis, 244 

surgery of, 264 
Middle ear of the child, 103 

catarrh, otoscopic picture, 17 

disease, classification, 17 

lesions, dry. Bibliographical ref- 
erences, 48 

inflammation, 18 
Mosetig-Moorhof operation, 177, 178 
Myringotomy exploraiiory, 41 
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Myringotomy exploratory, after-treat- 
ment, 43 
dangers, 42 
indications, 41 
operation, 42 



Neck triangles, 208 

Necrotic areas of external auditory ca- 
nal, 9 

Nerve anastomosis, points of technique, 
307 
selected for anastomosis in facial 

palsy, 301 
growth of external auditory ca- 
nal, 9 

Non-dangerous. Type of otitis media 
purulenta chronica, 133 

Nystagmus. Differential diagnosis, 281 



Operation for atresia of external au- 
ditory canal, intnuneatal, 6 
brain abscess in middle cranial 

fossa, 285 
cerebellar abscess, 289 
cerebral abscess from mastoid cav- 
ity, 287, 288 
cerebral abscess from skull sur- 
face, 285 
diseases of blood-vessels, 205 
facial palsy, bibliographical refer- 
ences, 308 
facial palsy, results, 307, 308 
removing exostoses, 8 
jugular resection, dangers, 229 
Mosetig-Moorhof. 177, 178 
anastomosis of facial with spinal 
accessory, 303, 304, 305, 306, 
307 
exploratory myringotomy, 42 
exposing lateral sinus, 223 
facio-hypoglossal anastomosis, 303 

304, 305, 306, 307 
jugular resection, 226, 227 
jugular resection, after effects, 230 
opening lateral sinus, 225 
removing aural polyps, 38 
Op>eration on brain abscess, results, 293 
external auditory canal, 1 
extradural abscess, 247, 248 
intradural abscess, 249, 250 
Operation on jugular, after-treatment, 
234 
obstacles to, 232 
resulte of, 232 
\m toward, sequelse, 234 
Operation for labyrinth, 191 
after-treatment, 200 
bibliographical references, 202 



Operation for labyrinth, coimter indi- 
cations, 190 
Hinsberg's procedure, 197, 198 
indications for, 186, 187, 188, 189 
operative findings, 199 
results, 201 

Richards' procedure, 192, 193 
Richards' procedure, technical 

J»oints, 195 
ue of, 200 
Operation for mastoid process, simple, 

historical, 70 
Operation for sinus, after-treatment, 
234 
results of, 232 
untoward seauelse, 234 
Operation, ossiculectomy, 63 

plastics, 154, 155, 156, 157, 168 
plastics, technical errors, 159 
radical, 125 
Operation, radical mastoid, after-treat- 
ment, 161, 162, 163 
anatomical, 127 

accidents during, 150, 151, 152 
according to Stacke, 139 
counter mdications, 137 
estimation of results, 169, 170 
faults of technique, 153 
hearing after, 171 
indications, 131, 132, 133, 134, 135, 

136 
objects of operation, 138 
preparation of patient, 139 
results of, 172 
Operation, simple mastoid, faults of 
technique, 109 
on infant and child, 10? 
Operation to close persisting post-au- 
ricular opening, 173, 174, 175 
form post-auricular openings, 174 
improve hearing in dry catarrhal 
conditions, 4 
Operation to Thiersch grafts, 158 

Trautmann procedure, 175, 176 
Openitive field on mastoid process, 77 
findings in labyrinth operation, 
199 
Operative findings in simple mastoidec- 
tomy, 110 
removal of foreign bodies in canal, 

11 
technique of tenotomy of tensor 
tympani, 44, 45 
Ossiculectomy, administration of local 
anaesthetic, 62 
advantages of. 60 
after-treatment, 66 
anatomy, 51 

bibliographical references, 68, 69 
dangers presented, 66 
historical, 49 
indications for, 58, 59 
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Ossiculectomy^, operation, 63 

preparation of patient, 61 

value, 67 
Osseous portion of external auditory 

canal, 2 
Ossicles, 56 

Ossicular ligaments, 57 
Otitic brain abscess, diagnosis, 275 

general considerations, 268 

Historical, 267 
Otitic cerebellar abscess, surgery of, 267 

cerebral abscess, surgery of, 267 

leptomeningitis, 243 

tuoercular meningitis, 245 
Otitis media, complicated by exostosis, 8 

purulenta chronica dangerous 
type, 132 

punuenta chronica, non-dangerous 
type, 133 
Otoscopic picture in middle ear inflam- 
mation, 18 

catarrh, 17 
Outer wall of tympanic cavity, 130 



Pachymeningitis interna, 241 
Pause plastic flap, 155, 156 
Paracentesis, 16 
after effects, 31 
after-treatment, 31 
ansesthetic, 27 

bibliographical references, 33, 34 
dangers, 30 
historical, 16 
incision, 28, 29 
immediate effects, 33 
indications according to Schwartze, 

20 
indications according to present 

knowledge, 21 
instruments employed, 28 
preparation of patient, 26 
technical error, 29 
treatment of slow-healing perfora- 
tion, 32 
value of, 32 
Paralysis of facial nerve, brain abscess, 
279 
general conditions, 297 
nerve for anastomosis, 301 
prognosis, 300 
when to operate, 302 
Paralysis of hypoglossal, brain abscess, 

279 
Pathological lesion of external auditory 

canal, 4 
Phlegmon of external auditory canal, 9 
Perforations of dangerous type of O. 
M. P. C, 132, 133 
non-dangerous type of O. M. P. 
C, 133, 134 



Perforations, treatment of slow-heaUng, 

32 
Perisinus abscess, 213 
Persistent post-auricular opening, 173, 

174, 175 
Pia Mater, 240 
Plastic flap, choice, 160 

KOmer, 160 

Pause, 155, 156 

Siebenmann, 156, 157 

Stacke, 154, 155 
Polynucleosis of limibar punctiu^ fluid, 

316 
Polyps Aural, 35 

after-treatment, 39 

bibliographical references, 40 

dassincation, 35 

dangers of removal, 39 

indications for removal, 37 

operations, 38 

preparation of patient for remov- 
ing, 38 

significance of, 36 

site of origin, 36 
Post-auricular opening, 173, 174, 175 

disadvantages, 175 

Brocedure to make a, 174 
[osetig-Moorhof method, 177, 178 
Trautmann method, 175, 176 
Post-auricular operation, 13 
after-treatment, 14 
historical, 12 
indications, 12 
value of, 14 
Posterior fold of membrana tympani, 

its division, 45 
Posterior wall of tympanic cavity, 129 
Post-operative temperature after mas- 
toidectomy, 115, 116 
Preparation of patient for mastoid 

(radical) operation, 139 
Preparation of patient for mastoid 

(simple) operation, 86 
Preparation of patient for ossiculec- 
tomy, 61 
Preparation of patient for paracentesis, 

26 
Preparation of patient for removal of 

poljrps, 38 
Pressure of lumbar pimcture fluid, 310 
Prognosis of facial palsy, 300 
Prussak's space, 51 
Puncture, lumbEur, 309 
Puncture of ventricle, 348 
Pulse retarded in brain abscess, 277 
Purposes of Tenotomy of Sensor tym- 
pani, 43 



Radical mastoid operation, 125 
accidents, 150 
aocordii^ to Heath, 148 
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Radical mastoid operation, according 
to Stacke, 139 

anatomical, 127 

after-treatment, 161, 162, 163 

after-treatment, without tampon- 
ade, 163, 164, 165 

estimates of results, 169, 170 

faults of technique, 153 

hearing after, 171 

historical, 125 

indications, 131, 132, 133, 134, 
135, 136 

modified to retain ossicles, 147 

operative field, 141 

operative findings, 150 

objects of the procedure, 138 

on adult, 139 

on infant and child, 146 

plastic flap, 154, 155, 156, 157, 158 

results of, 177 

result of after-treatment, 165 

unusual happenings during after- 
treatment, 166, 167, 168 

when to operate, 138 

Zaufal's procedure, 141 
Results of radical mastoid operation, 

172 
Resection of jugular, 226, 227 

after effects of, 229 

dangers of, 229 

indications, 219, 220, 221, 222, 223 

obstacles to, 232 
Results of after-treatment of radical 
operation, 165 

operation on brain abscess, 293 

operation on facial nerve, 307, 308 

simple mastoidectomy, 121 

surgery on labyrinth, 201 

in leptomeningitis, 262, 263 

on sinus and jugular, 232 
Richards' operation on the labyrinth, 
192, 193 

on the labyrinth, technical points, 
195 

S 

Siebenmann plastic flap, 156, 157 
Semicircular canals, anatomy, 183 
Sequelae of surgery on sinus and jugu- 
lar, 232 
Sigmoid sinus — ^anatomy, 204 
Signs of extradural abscess, 246 
Significance of aural polyps, 36 

pathological finaings in lumbar 

puncture fluid, 318, 319, 320 
post-operative temperature, 115, 
116 
Sinus, injured. Surgery of, 211 

lateral, bibliographical references, 

235 
counter indication for opening, 219 
ezpoBUie oi, 223 



Sinus, indications for opening, 217, 
218, 219 

indications for test pimcture, 216 

operation of opening, 225 

results of operating, 232 
Sinus, surgery, exposed view, 209 

dangers, 212 
Signs surgical, of thrombosis, 215 
Site of origin of aural polyps, 36 
Skin grafts— Thiersch, 158 
Space, subarachnoidal, anatomy, 239 
Spinal accessory — facial anastomosis, 

303, 304, 305, 306, 307 
Spine of Henle, 75, 106 
Spongy spot, 75, 108 
Squamomastoid suture, 76, 105 
Stacke, plastic operation, 154, 155 

protector, 140 

radical mastoid operation, 139 

radical mastoid operation, advan- 
tages, 140 
Stages, developmental, of brain ab- 
scess, 274 
Stapes, 56, 57 
Stapedius muscle, 58 
Subarachnoidal space — anatomy, 239 
Subperiosteal abscess, 81 

cortex perforation, 82, 83 

location, 82 
Surgery of labyrinth, 182 

labyrinth, historical, 182 

injured sinus, 210 

meningo-encephalitis, 246 

cerebellar abscess, 267 

cerebral abscess, 267 

exposed sinus, 209 

facial nerve, 297 

meninges, 238 

meninges, bibliographical refer- 
ences, 265, 266 
Suigical anatomy of external auditory 
canal, 1 

landmarks of labyrinth, 184, 185 

leptomenmgitis, 251 , 252, 253, 254, 
255, 256, 257, 258, 259, 260, 261, 
262 

signs of thrombosis, 215 

trauma, the cause of brain ab- 
scess, 271, 272 
Suture — Squamomastoid, 105 
Symptoms of mastoiditis, 78, 79 



Tamponade, after mastoidectomy, 163, 
164, 165 

Tamponade in simple mastoid opera- 
tion, 114 

Technical points in nerve anastomosis, 
307 
Richards' procedure on labyrinth, 
195 
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Technique of lumbar puncture, 338 

Tela choroidea inferior, 240 

Tela choroidea superior, 240 

Temperature after mastoidectomy, 115, 
116 

Tensor tympani, 58 

historiod of tenotomy of, 43 
technique of tenotomy, 44, 45 

Tenotomy of tensor tympam', opera- 
tion, 44, 45 
purposes, 43 

Therapeutic value of lumbar puncture, 
328, 329, 330, 331, 332, 333, 334, 
335 

Thiersch skin grafts, 158 

Thrombosis, suigical signs, 215 
varieties, 212 

Tinnitus, relieved by lumbar pimctiu^, 
333, 334 

Topography of internal jugular vein, 

lateral sinus, 206 
Trautmann operation, 175, 176 
Treatment of brain abscess cavity, 290 

granulations at fenestra ovalis, 39 

slow-healing perforation, 32 
Triangles of neck, 208 
Tubercular meningitis, 245, 246 
Tympanic cavity, 52, 127 

anterior wall, 53, 128 

floor, 53 

inner wall, 129 

lab^nthine wall, 129 

mesial wall, 54 

outer wall, 130 

posterior wsdl, 53, 127 



Tympanic cavity, roof, 54, 127 
upper wall, 54, 127 



Untoward sequels of sui^geiy on blood> 
vessels, 232 

Unusual happenings during after-treat- 
ment of radical nnastoid opera- 
tion, 166, 167, 168 

Upper wall of tympanic cavity, 127 



Value of ossiculectomy, 67 

operations on lab3rrmth, 200 

paracentesis, 32 

post-auricular operation, 14 
Varieties of nerve anastomosis, 302 

thrombosis, 212 
Vein, internal jugular, anatomy, 206, 

207,208 
Ventricular puncture, 348 

W 

When to operate, facial palsy, 302 
radical mastoid operation, 135 

Wound complications, dermatitis, 120 
mastoidectomy, 118, 121 



Zaufal's radical mastoid operation, 141 
Zygomatic ridge, 75, 106 
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